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ABSTRACT 
The interaction of styrene and its unsaturated and saturated 
dimers (10-5 to 1 M) with conc. sulphuric, or chlorosulphonic acids, 
and with anhydrous perchloric acid (10-4 to 1 M ) in methylene 
dich1oride, has been studied and related to the behaviour of other 
similar systems, such as ~-methylstyrene and its dimers. 
The origin of the u.v. and visible absorption spectrum which 
had been wrongly attributed to the l-pheny1ethyl cation and its 
higher homologues was established: . 
a) the 3-methyl-l-phenylindanyl cation, and its higher homologues 
constitute most of the ionic species formed when styrene and 
its dimers interact with HCI04 in CH2C12 , 
. b) the 1,3-diphenyl-n-butyl cation and its higher homologues are 
formed when styrene and its unsaturated dimer interact with 
conc. H2S04 and HS03Cl at low temperature and concentration, 
and this ion has been characterised. 
The u.v. - visible and n.m.r. spectra of carboniurn ions 
derivable from the cyclic dimer of styrene were investigated, and 
spectroscopic correlations were established in the following series 
of diphenylalky1 cations: diphenylmethyl and ethyl, phenyl-(2'-methyl-
phenyl)methyl and ethyl, phenyl-(2'-ethylphenyl)methyl and ethyl 
(all l,l-ethyl), 1 ,1-dipheny1-n-butyl , l-phenylindanyl and 
3-methyl-l-phenylindanyl. 
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INTRODUCTION 
The work to be described in this Thesis is concerned with 
the study of a series of mono and diphenylalkylcarbonium ions by 
u . v . and visible spectroscopy, n . m. r. spectroscopy, and conductimetry. 
It forms an extension of the investigation on the interaction of 
styrene with strong acids carried out in this laboratory by Dr . 
A. Gandinil and , it is hoped, comes as a contribution to the rapidly 
growing interest towards the study of stable carbonium ions . 
This interest is best illustrated by the fact that in the past 
two years not less than six reviews2- 7 directly related to the 
subjeot have been published, and that the last review,7 covering the 
1965 literature , quotes 170 references . Carbonium ions, long proposed 
as ubiquitous and somehow fleeting intermediates,S are now readily 
investigated in solution, with the development of direct spectro-
scopic (n. m. r . 1 , 5,6,S,9 and i . r . 4,9) observation methods . Thus, a 
number of alkyl and monophenylalkylcarbonium ions, previously 
suggested as transient entities, or tentatively identified on 
circumstantial evidence , have now been directly observed by n.m . r . 
10 
spectroscopy. Fo~ instance , the most controversial ( Ref. 2, p . 134) 
t-butyl cation, previously identified erroneously by the 300 m~ 
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region absorption formed on addition of t-butyl alcohol 
{or isobutene)ll to 96% H2S04 , has recently been observed
lO by 
its n.m.r. spectrum in SbF5-FS03H at _60
0
, even in the presence 
of the very reactive ethyl cation. It is now well establishedl0 ,l2 
that the t-butyl cation does not exhibit any absorption above 220 m~ 
and that the absorption near 300 m~ is due to cycloalkenyl cations 
resulting from a surprising maze of alkylation-dealkylation, 
rearrangement, and hydridetransfexreactions. 12 I shall show in this 
work that the behaviour of isobutene is not an exception, and that 
most ionic species resulting from styrene, far from being the product 
of simple protonation, actually represent the last step of a sequence 
of dimerisation, cyclisation, ring opening and hydride abstraction 
reactions. Eventually, it appears that four molecules of styrene are 
required to form one ion. 
The interaction of styrene with strong acids, such as HCI04 
and H2S04 , in so-called protonation conditions (excess of acid) leads 
to the formation of ions which exhibit a u.v. and visible spectrum 
with two main peaks, at around 310 and 430 m~. This spectrum was 
attributed to the I-phenylethyl cation and its polymeric homologues 
(Ref. 1-8, Chapter 3 of this work), mainly on the grounds of 
circumstantial evidence. Thus, in similar conditions l,l-diphenyl-
ethylene yields the l,l-diphenylethyl cation, as shown by dilution 
- 13 
experiments, in which the precursor was recovered from the carbonium 
ion solution, or by n.m.r. spectroscopy.14,l5 It was certainly 
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tempting to extrapolate to styrene the finding unambiguously 
established for l,l-diphenylethylene. Infortunately, no direct 
proof of the existence of the l-phe~lethyl cation was available 
(such as supplied by the n.m.r. spectrum or recovery experiments) 
16-18 
and its assignment was challenged. The main criticism was 
aimed at Gandini and Plesch ' s19 pseudocationic polymerisation 
mechanism, partly based on the assumption that the styryl cation 
shows its major absorption at around 427 m~. The fact that this 
absorption formed only at the end of the polymerisation of styrene 
(together with a large increase of electrical conductivity) was 
interpreted by these authors19 as evidence for the absence of 
~arbonium ions during the polymerisation. 
The original aim of my work was to attempt the identification 
of the ionic species responsible for the alleged l-phenylethyl cation 
spectrum, and to investigate the mechanism leading to their formation. 
Recovery experiments showed that the l-phenylethyl cation was not 
formed in any measurable amount, neither in HCl0
4
/CH2C12 , nor in 
98-100% H2S04 (in agreement with the recent findinglO that this 
cation cannot be formed even in S02-SbF5-FS03H at _600 ). Thus, the 
assignment of the 310 and 430 m~ absorption spectrum to the 
l-phenylethyl cation was definitely invalidated. Moreover, further 
investigation showed that the interaction of styrene with concentrated 
and dilute strong acids gave reactions of unsuspected complexity and 
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variety, leading to the most unexpected cations, such as the 
3-methyl-l-phenylindanyl cation, formed in nearly 50% yield in 
HC10
4
/Cff2C1 2 (Section 3.6.7.2 of this work). I demonstrated that the 
latter cation is mainly responsible for the u.v. and visible 
spectrum (308 and 420 m~ peaks) observed when styrene interacts 
with dilute acids. At the best, and when great care is taken 
(Sections 3.1.2), the interaction of styrene with 98-100% H2S04 can 
lead to the formation in low yield of the 1,3-diphenyl-n-butyl 
cation, which exhibits only one prominent peak, at 315 m~. 
It appeared during the preliminary stages of this work that 
no straightforward experiment would give the answer to the problem 
investigated, and that many different lines of approach were 
required, such as: 
a) study of the interaction of styrene and its dimers with 
various acids, by u.v. and visible spectroscopy and by 
conduct imetry , analysis of the kinetic data; recovery 
experiments. 
b) Same study with related olefins, such as~-methylstyrene 
and its dimers, ~-methylstyrene, 2,6-dimethylstyrene, 
pentafluorostyrene etc. 
c) Synthesis of compounds which could be direct precursors to 
the ions formed via complex reactions from styrene; 
protonation of these compounds and comparison of the u.v. 
and visible spectra of the carboniurn ions with those of 
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ionic species derivable from styrene; comparison of the 
products recovered after dilution. 24 compounds were 
syrlthesised, 3 of which are apparently new (no reference 
found in Chem. Abs. and Beilstein). 
As an indirect consequence of this study interesting u.v. and 
n.m.r . spectroscopic correlations were found in a series of 
diphenylcarbonium ions, as is fully described in Sections 3.7. These 
correlations give direct evidenoe of the unequal charge delocali-
sat ion when diphenylmethyl and diphenylethyl oat ions are compared. 
~: The nomenolature rules recommended by the I.U.P.A.C. were 
followed throughout this work. 
In naming cations, the carbon with the positive charge is numbered 
as 1. 
432 1 
~ 
Example : CH ·CH·CH ·CH·Ph 3 I 2 l,3-~iphenyl-n-butyl . 
Ph 
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Numbering of compounds and cations for reference. 
I 
11 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII" 
XIII 
XIV 
XV 
XVI 
. XVII 
XVIII 
XIX 
XX 
XXI 
XXII 
XXIII 
XXIV 
XXV 
XXVI 
XXVII 
XXVIII 
U 
1,3-diphenylbut-2-ene 
1,3-diphenylbut-3-ene 
I-methyl-3-phenylindene 
I-phenyl-3-methylindene 
4-methyl-2,4-diphenylpent-l-ene 
4-methyl-2,4-diphenylpent-2-ene 
styrene 
.1,3-diphenylbut-l-ene 
I-methyl-3-phenylindane 
l,l-diphenyl-n-butyl cation 
I-phenyl-l~(21-ethylphenyl)ethyl " 
I 
'phenyl-(2 t-isop~opylphenyl )methyl · It 
I-methyl-l,3-diphenylpropyl It 
3-methyl-l-phenylindanyl It 
c(-methylstyrene 
2-phenylpropan-2-o1 
2-phenyl-2-propyl .acetate 
1,1,3-trimethyl-3-phenylindane 
l,l-diphenylbut-l-ene 
1-~henYl-l-(2 '-ethylphenyl)ethanol 
phenyl-(2'~ethylphenyl)methanol 
1 , 3-diphenylbutan-3-o1 
I-methyl-3-phenylindene 
1,3-diphenyl-n-butyl cation 
1,3-diphenyl-n-butane 
phenyl-(2 '-ethylphenyl)methyl cation 
indan-l-one 
3-methylindan-l-one 
unknown 
. 
~: Refer to tables A and B (page 128) for numbering used in 
sections 3.7.3 and fOllowin'e:, . 
CHAPI'ER TWO 
EXPERDtiENT AL 
2.1 MATERIALS 
2. 1.1 Solvents 
2. 1 . 1 . 1 Methylene dichloride. This solvent (I.C.I. Ltd.) was purified 
as described by Weissberger. l It was then dried for 12 hr. over 
freshly ground CaC12 and finally distilled through a 160 cm. column 
filled with nickel-gauze rings at a reflux ratio of 15:1. Head and 
tail fractions each consisting of 20% of the total volume were 
rejected and the boiling point of the middle fraction was found not 
to vary by mor~ than 0.1 0 ; b.p. 39.0/745 mm . (lit. l 40.1 0 /760 mm.). 
The middle fraction was collected in dark bottles, mixed 
with Fisher "Certified Reagent" phosphorus pent oxide (50 g. per 
litre CH2C1 2), and finally the suspension of P205 in CH2C1 2 was 
poured into a 5 1. reservoir which was attached to the vacuum line. 
The reservoir was then closed with a mercury seal and the solvent 
degassed and refluxed for several d.ays . 
Vapour phase chromatography showed that the only impurities 
detectable were cloroform (about 1:10,000 vol/vol) and isopropyl 
2 
chloride (about 1:50,000 vOl/vol). Both impurities are known not 
to interfere with protonations and polymerisations carried out in 
the solvent. The solvent distilled from the vacuum line was periodioally 
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tested by standard methodsl ,3 for acidity (HC1, P205' H3P04 ) 
and for residual or accidentally admitted moisture, and was 
always found acid free within the limits of detection3 (about lO-6M) 
and dry (no bubbles of hydrogen evolved when mixed with fresh Caff2) . 
During the course of this work three batches of solvent were 
prepared and in each case perfectly reproducible results were 
obtained. The reservoir and line containing the solvent were 
protected from direct sunlight. 
Other properties of methylene dichloride, such as electri-
cal conductivity, optical transparency, volatility, etc ., and 
the procedure used in its dosing will be disoussed in the 
appropriate sections of this thesis. 
2.1.1.2 Acetic acid. AnalaR B.D.H. glaoial acetic acid was used 
without further purification. 
2.1.1.3 Thionyl chloride. The B.D. H. product, purity not less 
than 97%, was distilled under dry nitrogen and the middle fraction 
collected in a flask proteoted from moisture. B.p. 78.5 0 /745 mm. 
(lit. 4 78.8/746 mm.). The n.m.r. spectrum of this fraotion did 
not show any peak. 
2.1.1.4 Hexane. The B.D.H. "Speoial for spectroscopy" produot 
was used without further purifioation. 
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2.1.1.5 Pentane. The B.D.H. Standard pentane was used after 
a distillation through a 50 cm. Vigreux column at a reflux ratio 
of 5:1. Collected fraction b.p. 34-35°/ 750 mm. (lit. l 36°/760 mm.). 
2.1.1.6 Other solvents. Solvents for oommon laboratory routine 
work (extraction, recrystallisation, synthesis, thermometer 
calibration, i.r. and n.m.r. spectroscopy, g.l.c. etc.) were 
purified and, when required, dried by 'standard techniques. l 
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2.1.2 Carbinols 
2.1.2.1 l-Phenylethanol (DL) . This compound, supplied by B.D. H., 
was fractionated under reduced pressure; b.p. 101-102°/20 mm., 
n;5: 1.5252 (lit. 4 b.p. 102°/20 mm.; lit. Ref. 4, 46th Ed. 1965, 
n;5 = 1.5244 ). 
2.1.2.2 2-Phenylpropan-2-01. The commercial product (Light) 
showing a clean n.m.r. spectrum and a single peak g. 1. chromatogram, 
was used without further purification, m.p. 35-36° (lit. 4 35-370 ). 
2 . 1 . 2.3 1,2-Diphenylpropan-2-o1 . This compound was synthesised 
following Hell's procedure~ in which acetophenone is treated with 
benzy1magnesium bromide or chloride. The raw product was fractio-
nated under high vacuum, and the carbinol fraction collected at 
99%.02 mm. (lit. 5 b.p. 175/15 mm.), as a viscous colourless oil 
which, after slow cooling to _100 from a 20% solution in hexane, 
yielded the crystalline oarbino1 . This was twice recrystallised 
from hexane, and after prolongedvacuum drying melted at 50° (lit. 5 
50-51°). 
2.1.2 . 4 1,1-Diphenylbutan-l-01. From the many conventional 
Grignard routes described for the synthesis of this carbino1~-8 
I decided to start with Klages and Heilmann's6 (for the simple 
reason that the required reagents were available on the shelf), 
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in which benzophenone is caused to react with n-propylmagnesium 
bromide. ~ortunately, the main product of this reaction was 
diphenylmethanol (60%) and only about 20% of the expected carbinol 
was obtained, accompanied by 10% of residual benzophenone and 10% 
of unidentified side products. Although diphenylmethanol was 
easily isolated in purity higher than 99% by crystallisation from 
hexane, no conventional purifioation method (fractional distillation 
under vacuum, crystallisation from hexane or pentane, chromatography 
on grade III alumina with hexane as solvent and methanol or 
methylene dichloride as eluent) did yield a sufficiently pure 
sample of the required compound. 
The second procedure,? in which ethyl-n-butyrate is 
treated with phenylmagnesium bromide, yielded 80% of carbinol, 
easily isolated by crystallisation from hexane as large oolourless 
crystals. Twice reorystallised from pentane, they melted at 35-360 
(l it. 8 33-340 , and9 360 ) . 
It is worth mentioning that although the reduction of 
benzophenone by Gr~gnard reagents with reactive beta hydrogens 
is now well known, understood and reviewed,8,lO it was apparently 
unsuspeoted in 1904 , when Klages and Heilmann6 published their 
work. The melting point these authors attribute to l,l-diphenyl-
butan-l-ol : 65°, is indeed the one of diphenylmethanol (m.p.: 
this work : 67-680 ; lit.4 68-690 ). 
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2.1.2.5 1,1-Diphenylbut-3-ene-l-ol. In a slight variation of 
Jaworski's method,ll 0.6 mole allyl bromide and 0.3 mole 
benzophenone in 250 ml. ether were added over 2 hr. to a very 
vigorously stirred suspension of 0.6 mole magnesium in 250 ml. 
ice-cold ether, and the resulting oompound hydrolysed with 30 g . 
ammonium ohloride in 200 g. orushed ioe. The extraoted carbinol 
, . 
(98%,yield) was vacuum distilled at 106-1070/0.01 mm. (lit. ll b.p. 
182-1830 /32 mm.), to a oolourless oil, ~5= 1~?824. 
2.1.2.6 1,3-Diphenylbutan-3-ol. Synthesised by a oonventional 
Grignard reaotionl2 between benzylaoetone and phenylmagnesium 
bromide. White wooly orystals from pentane (yield 75%); 
m.p. 44-450 (lit. 12 47-480 ). 
2.1.2.7 Diphenylmethanol. The B.D.H. and my synthesis (Seotion 
2.1.2.4) products were recrystallised . three times from pentane 
and melted both at 67_680 (lit. 4 68-690 ). 
2.1.2.8 Phenyl-(2'-methylphenyl)methanol. As published by 
Chiohibabin,13 benzaldehyde was treated with 2-methylphenylmagne-
sium bromide to yield after oonventional hydrolysis about 80% of 
oily yellowish oarbinol, which was deoolorised by boiling its 15% 
solution in hexane with aotivated oharooal. Cooling the filtered 
solution at _100 gave orystals of oarbinol (white needles) whioh 
after two recrystallisations from hexane melted at 92.5°(lit. 1395°). 
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2. 1 . 2 . 9 Phenyl-(2 '-ethylphenyl)methanol . This carbinol was prepared 
according to Lamneok and Wises ' indications,14 by treating benzalde-
byde with 2-ethylphenylmagnesium bromide and hydrolysing it with 3% 
aqueous sulphuric acid . The carbinol was purified as in Section 
2.1. 2.8. lfhite silky crystals, m. p. 62 0 (lit. 14 60. 80 ) . 
2.1.2.10 I-Phenyl-l- (2'-methylphenyl)ethanol . No reference found in 
Beilstein and Chem. Abs. Aoetophenone (11.7 g .) was treated with 
2_methylphenylmagnesiurn bromide (16.7 g . of 2-bromotoluene plus 2.4 g . 
of magnesium) at room temperature over one hr., followed by 2 hr . 
refluxing, to give after hydrolysis the carbinol in 20% yield, which 
was purified by two molecular distillations at 850 and 10-3rnm.; 
2.1.2.11 I-Phenyl-l-(2'-ethylphenyl)ethanol. Conventional Grignard 
route15 by reaotion of aoetophenone (7,15 g .) with 2-ethylphenyl-
magnesium bromide (11 g . of l-ethYl-2-bromobenzene plus 1.45 g . of 
magnesium) to yield 25% of carbinol. Purified by moleoular distil-
lation at 850 and 10-3mm• White orystals from pentane, m.p. 44-450 • 
2.1.2.12 I-Phenylindan-l-ol. Von Braun's method16 (indan-l-one plus 
phenylmagnesium iodide) yielded only a mixture of the carbinol and 
of 3-phenylindene (n . m.r. speotrum) . No separation of the carbinol 
was attempted, as it was needed only as an intermediate to 
3-phenylindene . 
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2.1.2.13 3-Methy1-1-pheny1indan-1-01 . 3-Methy1indan-1-one (20 g . ) 
was treated with phenylmagnesium iodide (27.9 g . of iodobenzene plus 
3. 33 g. magnesium) at room temperature over 1 hr . , followed by 2 hr . 
refluxing (appearance of thick slush), and hydrolysis (6 g . ammonium 
chloride in 50 g . crushed ice) to give the carbinol in 75% yield . 
The solvent · (ether) was evaporated at 00 and under vacuum, and left 
the carbinol, a oolourless viscous liquid, turning slowly yellowish 
and green when exposed to air and light; n;5= 1 . 5881 . (New compound). 
The clean n.m. r . and i . r . spectra correspond to the 
expected struoture. Attempts to fractionate the carbinol under high 
vacuum yielded the corresponding olefin : I-methyl-3-phenylindene. 
3-Methy1indan- 1- one was prepared according to Koe1sch 
et al . 29 : 34 g . crotonic acid in benzene (250 ml . ) plus 159 g . (3 eq . ) 
AlC1
3 
were ref1uxed for 3 hr. to give about 47 g . of 3-methy1indan-
0/ 25 8 ( . 29 / I-one; b . p. 131-133 17 mm., ~ = 1. 553 11t . b . p. 132- 137 15 mm . ) . 
2 . 1 . 2. 14 Triphenylmethano1 . Two different batches of this compound 
were used (E.D. H. and Koch-Light Ltd) , after two recrysta11isations 
from carbon tatrachloride , and gave identical results; m. p. 1630 
2. 1 . 2. 15 Tribenzylmethanol . Prepared in 75% yield by a oonventional 
Grignard reaotion6 between phenylmagnesium chloride and ethyl phenyl-
acetate . White small crystals from hexane; m. p . 115 .50 (lit . 6 114-
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2.1.3 Esters. 
2.1.3.1 Benzyl aoetate. The commercial product (B.D.H.) was 
purified by distillation under reduced pressure; b.p. 100°/18 mm. 
(lit. 18 100°/18 mm.). 
2.1.3.2 1-Pheny1ethy1 acetate. A mixture of glacial acid (60 ml.), 
I-phenylethanol (60 ml.), and acetic anhydride (200 ml.) was 
refluxed for 15 hr., cooled down to room temperature, treated with 
cold water, then with saturated aqueous NaHC03• The deoanted oil was 
left overnight over CaC12 , in order to remove ~ any residual carbinol. 
After a final drying with CaS04 , the ester was vacuum distilled in 
a dry nitrogen stream. B.p. 98°/23 mm., ~5 .= 1.4924 (lit. 19b.p. 213-
216°/760 mm.). Purity higher than 99.8% (g.l.c.); final yield 95%. 
2.1.3.3 2-Phenyl-2-propyl acetate. Prepared by a conventional route20 
by treating in ether 2-phenylpropan-2-61 with acetyl chloride in 
presence of N-dimethylaniline. Yield about 50%. B.p. 96-97°/12 mm., 
n;5= 1.4959 (lit. 20 58-61°/3 mm.). 
2.1.3.4 Ethyl benzoate. The commercial product (B.D.H.) was left 
24 hr. over CaC12 and distQled under reduced pressure; b.p. 101-102° 
/20 mm. (lit. 4 101.5°/20 mm., interpolated). 
2.1.3.5 Benzyl benzoate. The B.D.H. product was used without 
further purification; n;5= 1.5039 (lit. 4 n;7.3= 1.5068). 
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2 . 1.4 Olefins 
2 . 1 . 4.1 Styrene . The commercial produot (Koch-Light Ltd, Puriss.) 
was purified as Published,21 transferred to the vacuum line, dried 
over CaH2 and thoroughly degassed by repeated thawing and freezing . 
About 20% of the styrene was then distilled into a flask and 
discarded by sealing-off . Finally , about 80% of the remainig olefin 
was distilled to a reservoir containing BaO (which had been previously 
activated by prolonged heating at 3600 under high vacuum), stirred 
with the drying agent , and stored in the dark at liquid nitrogen 
temperature . Two batches of this olefin were used throughout this 
work and gave identical results . 
2 . 1 . 4 . 2 ~-Metbylstyrene. The commercial product (B. D. H. ) was 
fractionated under high vacuum , generous head and tail fractions 
being disoarded. It was then kept at _100 under its own vapor 
pressure in a flask fitted with a lightly greased tap; n;5= 1 . 5358 
(lit . 22 n;5 = 1.53586) . 
2. 1 . 4. 3 p-Methylstyrene . The commercial product (Aldrich) was used 
without further purificationJ n;5= 1 . 5471 (lit . 55 n;5= 1 . 5480) . 
2 . l . :4~4 2 , 6- Dimethylstyrene . The commercial product (Kooh-Light 
" Pure ll ) was fractionated under high vacuum and stored at _100. 
25 No impurity detected by g . l . c . , ~ = 1.5294. 
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2.1.4. 5 Pentafluorostyrene. The product supplied by Imperial 
Smelting Co . was fractionated under high vacuum and the middle 
fraction stored at _100. No impurity detected by g.l.c.; ~5~1.4439 
(lit.57 ~O = 1.4414). 
2.1.4.6 l,l-Diphenylethylene. The commercial product (Eastman-
Kodak) was fractionated under high vacuum and stored at _100; 
~5:: 1.6063 (lit. 4 ni,4= 1.610). 
2.1.4.7 1,3-Diphenylbut-l-ene. This compound was prepared following 
a slight modifioation of Risi and Gauvin's method. 23 Styrene(500 g.) 
and 56% weight aqueous H2S04 (125 g.) were refluxed for 6 hr. at 
1300, with very vigorous stirring, to yield 98% of unsaturated 
dimer, whioh was distilled under reduced pressure, and determined 
tJ! 80 / 25 (. 15 by g.1.c. as 99.570 pure. B.p. 17 18 mm., ~ =1.5912 l:Lt. b.p. 
20 183/20 mm., ~ :: 1.5932). 
6 -1 ( A strong i.r. band at 9 5 cm. out-of-plane bending 
vibration of trans ethylenic hydrOgens24 ) with a molar absorptivity 
of about 200, shows that the major component of this oompound is the 
trans isomer. 
2.1.4.8 1,3-Diphenylbut-2-ene. Treating for 3 hr. at room temperature 
1,3-dipheny1butan-3-01 (10 g. in 40 m1. CC14 ) with 65% weight 
aqueous sulphuric aoid (100 ml.) and vigorous stirring, yielded a 
mixture of about 78% of 1,3-dipheny1but-2-ene (I) and 22% of 
1,3-diphenylbut-3-ene (II) as determined by n.m.r. speotroscopy 
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and g.l.c. B.y fract i onal di stillation under high vacuum I wa s 
obtained a s a tail fraction in about 95% purity (g .l.c . ); 
b.p. 89-90%.02 mm., ~5= 1 . 5867 (lit. 12 b . p. 169-170°/12 mm. 
? nn = 1.577). 
The purification of 11 was not attempted. The only 
information available is that 11 boils at a lower temperature than 
I, the head fractions being rioher in 11. 
2 . 1 . 4 . 9 l,l-Diphenylbut-l-ene . Prepared as published by Sabatier 
and Murat25 by distilling l,l- diphenylbutap-l-ol at pressures above 
35 mm. The dehydration is complete at about 180° . B.p. 175°/20 mm., 
~5= 1 . 5853 (lit . 25b . p. 29~/760 mm., n;6= 1 . 595 ). 
2. 1 . 4.10 1 ,1-Diphenylbuta- l , 3-diene . The dehydration of 
_ 1,1_diphenylbut-3- ene-l- ol by 65% weight aque ous H2S04 is complete 
in about 2 hr. at room temperature . Great care must be taken in 
preparing the sulphuric acid , because below 60% the dehydration is 
too slow, and above 70% the diolefin cyclises to I-methyl-3-phenyl-
indene. 
The carbinol (5m1. ) dissolved in 20 m1. of CC14 is treated 
for two hours under vigorous stirring (t o form an emulsion) with 
65% weight H2S04 (100 ml .) at room temperature . Washed with sa tu-
rated aqueous NaHC03 and dried over CaS04 , the CC14 phase yielded 
4 ml . of diolefin, which was fraotionated under vacuum. The colourle s s 
oil crystallised (white waxy crystals ) after standing overnight 
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° 0/ ° 25 ( at -10 • B.p. 102 0.1 mm., m.p. 33-35 , ~ = 1.6393 supercooled 
liquid) (lit. 26b.P. 109%.3 mm., n;7.5 ~ 1.6412; lit.27 b.p. 
108-110%.4 mm., m.p. 35-37°). 
2.1.4.11 Indene. The commercial product (B.D.H.) was fractionated 
under high vacuum and the middle fraction was stored at _10°; 
~5: 1.5712 (lit. 28 ~O = 1.5766). 
2.1.4~12 3-Phenylindene. Distilling 1-phenylindan-1-01 at about 
30 mm. yielded, by dehydration, 3-phenylindene. This was purified 
by fractionation under high vacuum to give a colourless oil, which 
crystallised after standing for one~ week at _10°. M.p. 25-26°, 
b.p. 1000/about 0.03 mm., ~5=1.6299 (lit. 16 b.p. 200-201°/29 mm.). 
2.1.4.13 I-Methyl-3-phenylindene. No reference was found in the 
literature (Beilstein, Chem.Abs.), but one publication15 , in which 
the name l-methyl-3-phenylindene (Ill·) is erroneously attributed 
to the structure I-phenyl-3-methylindene (IV). In IV the methyl 
group is adjacent to the double bond, while in III it is the phenyl 
which is adjacent to it. 
Two routes were followed to prepare this olefin: 
a) Dehydration of the corresponding carbinol 3-methyl-l-
pheny1indan-1-o1 (prepared as described in Section 
2. 1.2.13) by direct distillation under vacuum (104%.02 
mm.). The olefin is obtained in quantitative yield. This 
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route involves three steps : 1) preparation of 
3-methylindan-l-one; 2) Grignard reaction to the corres-
ponding carbinol; 3) dehydration. The overall yield is 
about 50%. 
b) A one step route starting with a non conventional Grignard 
synthesis of 1,1-diphenylbut-3-ene-l-ol (simultaneous addi-
tion of all reagents, as described in Section 2.1.2.5), and 
then simultaneously hydrolysing, dehydrating and cyclising 
at room temperature the intermediate organomagnesium 
compound with 75% weight H2S04, with a yield of about 65% 
of raw I-methyl-3-phenylindene.The H2S04 treatment requires 
about 48 hr. of very vigorous stirring. But this is a 
rather drastic method, and tbeindene may be obtained in 
higher yield and purity by starting from l,l-diphenylbuta-
1,3-diene (Section 2.1.4.10) and proceeding as follows: 
5 ml. of the diene in 20 ml. of CC14 are treated at room 
temperature with 75% by weight aqueous H2S04 (100 ml. ) 
for 48 hr., a vigorous stirring assuring the formation 
of an emulsion. The organic phase is then decanted, washed 
with saturated aque ous NaHC03, dried over K2C03 and fractio-
nated under high vacuum to yield 4 ml. of pure l-methyl-
3-phenylindene , which crystallises at _100. Recrystallised 
from absolute methanol, the colourless crystals 
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melt at 36-370 ; b.p. 870 /0.01 mm., n;5= 1.6143 (super-
cooled liquid ). 
Anal.: Calc. for C16H14 : c: 93 . 16; H: 6. 84; Mol. wt.: 206.29. 
Found here • •••.• : c: 93 . 05; H: 6.92; Mol. wt.: 204 
The perfectly clean and simple n.m.r. spectra (VB 238, 
258 and 261) oonfirm the assigned structure. 
2.1.4.14 4-Methyl-2,4-diphenylpent-l-ene CV) and 4-methyl-2,4-
diphenylpent-2-ene (VI). The currently accepted structure for the 
~-methylstyrene unsaturated dimer is VI~2,30,3l In this work three 
batches of unsaturated dimer were prepared by Hersbergers ' method~2,32 
In every case the major component (85-90%) of the product was V, the 
remaining 10-15% being a mixture of VI and of the saturated dimer 
(Section 2. 1.5 . 2) . Although oompounds V and VI appeared to have 
very nearly the same boiling point, a very slow fractionation under 
reduced pressure, with a reflux ratio of about 20/1 through a 50 cm. 
Fenske column yielded a head fraction containing 95% of V and a 
small tail fraction (1% of the total distillate) containing more 
than 50% of VI (mixed with V). The availability of almost pure V 
and of a very enriched phase of VI made possible the spectroscopic 
determination of their structure . The n. m. r. spectra are unambiguously 
clear and show in V the proton resonanoe doublet of the vinylidene 
nydrogens (expected shift and splitting) and the methyl and methylene 
peaks of appropriate intensity. In VI, apart from the phenyl protons, 
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a large peak shows the presence of 9 methyl hydrogens and a small 
peak, 1 hydrogen attached to the trisubstituted double bond. 
The i.r. spectra confirm this assignement by the presence in V of 
-1 ( a strong band at 895 cm. hydrogen out-of-plane deformation of 
asymmetric di-substituted ethYlenes24 ). 
Thus, the structure of the major component of the 
unsaturated~-methylstyrene dimers is not VI, as accepted,22,30,31 
but V. The physical properties of a 95% pure sample of V are: 
b.p. 11810.06 mm., 1710/15 mm., n;5= 1.5679. 
To prepare the unsaturated dimers, 1 part of pure 
«-metby1styrene is treated for 8 hr. at room temperature with 4 
parts of 60% by weight aqueous H2S04 • A very vigorous stirring is 
required to assure the formation of an emulsion. 
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2. 1 . 5 Aryl a1kanes . 
2 . 1.5.1 l-Metbyl-3-phenylindane . To prepare the cyclic dimer of 
styrene, 70 ml. of unsaturated dimer (Section 2. 1. 4 . 7) and 250 ml . 
of 70% weight aqueous sulphuric acid were refluxed with vigorous 
stirring for 6 hr. at 150-1600• The organic phase, still conta i ning 
about 2% of olefin was then stirred for 30 min. at 00 with 20 ml. 
of 100% H2S04 , to give , after conventional washing and drying a 
perfectly pure, colourless cyclic dimer , as determined by g.l.c . , 
n.m. r . , u . v ., and i . r . spectroscopy and by bromine treatment . As 
with any conventional method of preparation,15,23 this product was 
a mixture of cis and' trans isomers . B. p. 156-1570/15 mm., 
25 (. 15 0/ 20 8 8) ~.::1.5794 ll.t . b . p. 170-172 20 mm., ~ =1.5 0 • 
2 . 1 . 5. 2 1,1,3-Trimetbyl-3-phenylindane . In a variation of 
Hersbergers ' method , 22 , 32 , a mixture of «-methylstyrene unsaturated 
dimers (20 ml . ) were treated for 15 hr . with 80% weight aqueous 
sulphuri.c acid (100 ml . ) at 400 and good· stirring (emulsion) . After 
conventional extraotion, washing and drying, fraotional distillation 
under high vacuum gave 15 ml . of saturated dimer whioh orystallised 
by slow cooling to 00 of its 20% solution in hexane . Reorystallised 
from hexane or methanol , this oompound gives by slow cooling of its 
saturated solution in hexane clear and colourless orystals , whose 
size seems to be limited only by the vessel ' s dimensions ( a single 
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crystal 4x2xO.3 cm. was obtained in this laboratory). 
M.p. 52.5°, b.p. 11810.07 mm. and 170°/15 mm. 
(lit. 3l m.p. 52°, b.p. 170°/17 mm.). 
2.1.5.3 Triphenylmethane .. • The commercial product (B.D.H.) was 
used without further purification; m.p. 93° (lit. 4 92.5). 
2.1.5.4 I-Metbyl-l,3, 3-triphenylindane. This compound, kindly 
supplied by Professor A.G. Evans, University College, Cardiff, was 
twice recrystallised from absolute ethanol; m.p. 143-144°(lit~3143°). 
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2.1.6 Acids. 
2.1.6.1 Anhydrous perchloric acid. This acid was prepared by the 
dehydration of 72% perchloric acid (Hopkin and Williams) with 20% 
oleum. The method used was derived from Eastham and Tauber's;34 a 
full description is given by Gandini. 2 A serious explosion hazard 
is the breaking of the dosing burette containing HCI04 , during the 
thawing of the latter. 35 This is best avoided by starting the 
thawing from the top of the burette, avoiding thus any possible 
pressure buid up caused by the expansion of melting RCI04• 
In all, sixty ooncentrated aoid phials (about 1 M, in methylene 
dichloride) were made and stored in the dark at 00 • From this stock 
of acid one hundred more phials were prepared containing solutions 
down to 10-3 M. Several checks were made on the contents of Borne 
of the more concentrated phials by titration, and on the dilute 
phials by spectroscoPY',2 after reaction with an excess of 
triphenylmethyl carbinol. The error involved was usually less than 
1% for the concentrated .phials, and less than 5% for dilute phials. 
2.1.6.2 SulphuriC acid. This acid, 98% AnalaR and 100% (B.D.H.) 
was used satisfactorily without further purification. Three 
different batches gave identical results. 
2.1.6.3 Deutero sulphuric acid. D2S04 was supplied by CIBA (A.R.L.) 
Ltd., Duxford, Cambridge, with the following specifications: 
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Sulphuric acid-d2 , 96- 98% solution in D20, isotopic purity better 
than 99 atom% D, density d20:1 . 86 . 
2. 1 . 6 . 4 Chlorosulphonic acid . Supplied by May and Baker Ltd . , wa s 
used without further purification; d~O= 1 . 755-1 . 765 (lit . 4 d~8=1.766) . 
Table 1 A 
Data on u.v. spectra of pure compounds obtained at 
0 25 from methylene dichloride solutions. 
Compound ~ max m \-I £ Ref. max 
styrene 291 620 this work 
282 885 
249 15,400 
1,3-diphenylbut-l-ene 293 1,180 this work 
(trans) 284 1,820 
251 21,300 
I-methyl-3-phenylindane 213 1,250 this work 
266 1,600 
260 1,150 
2,6-dimethylstyrene 211 425 this work 
236 1,450 
0 
at 25 from hexane: Table 1 B 
3-phenylindene 294 100 this work 
282 shr. 1,600 
254 shr. 1,800 
227 20,100 
I-methyl-3-phenylindene 295 1,350 this work 
259 7,370 
221 22,500 
1,1-diphenylbuta-l,3-diene 284 23,100 this work 
234 16,000 
1,1-diphenylbut-l-ene 292 shr. 550 this work 
248 14,900 
Table 1 .B 
(continued) 
(Spectra of pure compounds obtained at 250 from hexane solutions, contd.) 
Compound \axm~ ~max Ref . 
2,6-dimethylstyrene 216 400 this work 
236 6,100 
rv 209 rv 22,000 
1,3-diphenylbut-l-ene 293 1,180 this work 
(trans) 284 1,820 
251 21,300 
I-phenylethyl acetate 263 156 this work 
251 205 
251 118 
et 
25 0 from acetic acid sol . Table 1 C (glacial) 
phenyl-(2'-methylphenyl)- 264 520 this work 
methanol 258 525 
tribenzylmethan01 268 shr . 170 this work 
264 260 
258 . 5 340 
253 270 
sh~ denotes a shoulder 
- 28 -
2.2 APPARATUS AND PROCEDURES 
2.2.1 Spectroscopy. 
2.2.1.1 Ultraviolet and visible spectroscopy. The spectra reported 
in this work were taken with a Beckman DB recording spectrophotometer 
and occasionally, for calibration purposes, with UNICAM SP.100 and 
UNICAM sp.800 recording spectrophotometers. 
The Beckman DB instrument was frequently checked for 
wavelength accuracy, with a Holmium reference glass, and for absor -
bance linearity and accuracy, using the K2Cr04 in 0.05N KOH method,36,31 
it was always found to be within the manufacturers' specification. 
Repeatability: 
Wavelength: 220-334 m~: better than 0.5 mll-
335-514 mp.: better than 2·5 ml-l-
514-100 m~: better than 5.0 ml-L 
Absorbance: 0.2 to 0.6: better than 0.01 absorbance units. 
The cell compartment was thermostatted for most measure-
ments, either at 250 or at 20. Condensation of atmospheric humidity 
on the cells at 20 was avoided by continuously flushing the cell 
compartment with a tiny stream of dry air. A special light-tight lid 
allowing a large amount of free space above the cell holder replaced 
the conventional lid when bulky cell devices were used • 
Standard speotra of alcohols, olefins and other stable 
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compounds (hexane and methylene dichloride solutions) were taken in 
calibrated silica cells (fitted uith ground glass lids) of 0.1, 0.2, 
0.5, 1 and 2 cm. path length. Successive changes in concentration or 
path length were overlapped, to make sure that any apparent deviation 
from Beer's law are detected. The molar extinction coefficients E 
(molar absorptivities) were computed by measuring the slope of a 
Lambert-Beer plot of at least three experimental points. For the 
purposes relevant to the carbonium ions part of this work, it was 
never necessary to scan at wavelengths lower than 240 m\oL- Methylene 
dichloride, acetic acid and sulphuric acid have transparency limits 
below this wavelength and could therefore be suitably usedJ chlorosul-
phonic aoid was only used in the visible part of the speotrum. 1 om. 
cells (silioa) fitted with B7 ground-in joints were used in the "open" 
experiments with acids. 
Most experiments in olosed systems were oarried out with the 
all-glass device illustrated in Fig. 1. The phial to be crushed was 
plaoed in the side tube A together with a glass-enClosed magnetic 
breaker and, whenever required, the desired amount of non-volatile 
reactant. The tube was then sealed off at B and the device was attached 
to the vacuum line at C. After the necessary pumping out, the solvent 
and the other required reactants were distilled into A, cooled to a 
temperature olose to the melting point of the solvent, and the device 
sealed off at D. The solution was allowed to reaoh the temperature of 
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the cell holder, and a spectrum of the relevant species taken after 
some of the liquid had been tipped into the cell E. 
The phial was then crushed into the whole of the solution, 
good mixing being ensured by vigorous shaking. I found it useful to 
attach the device during the phial-crushingstep to a vibro-mixer, so 
that an efficient mixing is instantaneously assured. The liquid was 
then quickly transferred into the cell, the device placed into the 
cell holder, and the scanning started. 
Between the moment of mixing of the reactants and the 
beginning of the scanning 15-20 sec. elapsed. 
The minimum volume of liquid required for taking a spectrum 
with 1 cm. cells was about 3 ml, the maximum, compatible with the 
dimensions of the device and the cell compartment, was about 30 ml . 
A tenfold dilution of the reactants could therefore be performed, and 
a hundredfold decrease of the absorbance, when using the combination 
1 cm. cell - dilution - 0.1 cm. cell. Dilutions, addition of further 
quantities of reactants and introduction of other reactants were easily 
carried out in vacuo through the break seal F. 
The device illustrated in Fig. 2 was used when two phials for 
consecutive crushing were needed. Some care is required to avoid 
breaking the phial in tube G during the first step. 
The device illustrated in Fig. 5 was used when simultane ous 
spectrosoopic and conductimetric experiments were carried out and it 
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is described in the conductivity section (2.2.2). 
EXploratory runs in open systems were carried out by mixing 
the reactants in a small, dry, stoppered test tube and quickly 
transfering some of its contents into a cell with a ground-in stopper. 
Scanning could be started within 20 sec. from the mixing. In a few 
cases, where a very early spectrum was required, the reactants had to 
be mixed directly in the cell, placed in the cell compartment; the 
interval between mixing and soanning was reduced to about 3 sec. 
In order to obtain accurate reading, the absorbance was 
kept whenever possible within the limits 0.1-1.0 . Before every experi-
ment, blank spectra of the solvents and acids used were recorded. 
During the course of this work, all together 1,050 u.v. and 
visible spectra were recorded and examined. 
2.2 . 1 . 2 Infrared spectroscopy. Two instruments were used for the 
recording of infrared absorption spectra, depending upon the resolu-
tion needed: Perkin Elmer Spectrophotometer 221, fitted with a NaCl 
prism, and Perkin Elmer 257 Grating Infrare~ Spectrophotometer. 
Frequent tests for wavelength accuracy and for resolution were made 
using a polystyrene solid film or an indene liquid film, as recommended 
by the International Union of Pure and Applied Chemistry.38 
Conventional techniques39 were adopted for the preparation 
of the compounds to be analysed. 
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Infrared s pectra of all organic compounds used in this work 
were scanned both withO.LM solutions and with undiluted samples (when 
liquids), so that a more appropriate estimation of the intensity and 
position of bands could be obtained. Carbon tetrachloride and carbon 
disulphide having very few interfering absorption bands, were used as 
a solvent pair for scanning the full spectrum between 4,000 and 650 
cm.-l , the upper half being run in CC14 , the lower in CS2• 1 cm. and 
0.025 mm. NaCl window cells were used. 105 infrared spectra were 
scanned in experiments relevant to this work. 
2.2.1.3 Nuclear MagnetiC Resonance spectroscoPl. A Perkin Elmer M- RIO 
NMR Spectrometer. provided with an integrated circuit and a CAT 
(computer of average tranSients) device ' was used throughout this work. 
This instrument has a 14,092 gauss permanent magnet (In resonance at 
-1) 0 60 Mc sec. thermostatted, probe included, at 35 • Soda-gla ss sample 
tubes with 0.4 mm. inner diameter required at least 0.2 ml. of 
solution. In a few experiments made under high vacuum, the sample 
tube was provided with a soda-to-Pyrex graded seal allowing joining 
to the vacuum line. 
Resolution adjustment, calibration, and preparation of solu-
tions to be examined were performed according to conventional 
techniqUes. 40,41 The position of the n.m.r. bands in CC1
4
, CS2 , CDC1 3
, 
cn2C12 and S0012 solution were determined by reference to TMS (t etr a-
methylsilane) at 10 7'(Tau) in p.p.m. (parts per million) as an 
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internal standard. In H2S04, D2S04 and HS03Cl, the internal standard 
was TMAS (tetramethylammonium sulphate), with its peak at 6.90 Tau 
(3.10 p. p. m. downfield from TMS), according to Deno et al . 42 The use 
of TMAS as internal standard has been thoroughly investigated,42 ,43 
and it appears to be perfectly suitable when used in standardised 
conditions. 
In all diagrams of actual spectra included in this thesis, 
the direction of increasing magnetic field is from left to right . 
N.m . r. spectroscopy was extensively used during this work 
(more than 300 spectra were scanned ) and proved to be of the greatest 
help. Many syntheses (where i .r. spectroscopy supplied ambiguous 
information) which would have required weeks of cumbersome conven-
tional analytioal work were carried out in one day, with the help of 
a few consecutive n . m.r. spectra. For this reason, I attempted to use 
where possible CCl4 as reaction medium, in order to be able to have 
quick spectra at different stages of a reaction, without further 
treatment of the colleoted sample . 
At this point, I feel compelled to express my deep respect to 
chemists who, ncithat long ago, were working using only patient skill 
and genius. 
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2.2.2 Electrical conductivity. 
2 . 2.2.1 Electrical conductivity cells. Three all-glass electrical 
conductivity cells were built and used · throughout this work. 
Cell nO I (Fig . 3) 'vas meant to be used in exploratory runs 
and in experiments where a very quick reading after the mixing of the 
reagents was not essential . The smallest volume of liquid required to 
cover the -·Pt ·electrodes was 1 ml. and the largest, compatible with 
the dimensions of the device, was about 30 ml. 
This cell consisted basically of a Pyrex cylinder G of inner 
diameter 20 mm., constricted in its lower part to 8 mm . and closed. 
The upper part was sealed to the cell holder Pyrex tube H; this plun-
ged into G and was prolonged via a graded seal by a soda-glass tube 
into which the platinum leads Pt (0.5 mm . thick) were fused through 
a carefully annealed soda-to-Pyrex seal. The leads were attaohed to 
the platinum electrodes (1 mm. thiok wire ' twisted three times to 
inorease the conduoting surfaoe). Inside H, the leads were insulated 
with glass sleeves (melting point tubes). Through a side arm, G was 
conneoted to the tube A, provided with an appendix I . 
The procedure involved in a normal run was as follows: after 
placing in the side tube A the phial to be crushed, together with the 
magnetic breaker and a seoond phial in I, when required, the tube was 
sealed at B and the devioe attaohed to the vaouum line at C, and 
pumped out as required. The solvent and the other reaotants were then 
Fig. 3 (page 34) 
Conductivity cell nO I for small volumes of liquid. 
Fig. 2 (page 30) 
Device for vacuum u.v. and visible speotroBcoPY, allowing 
the use of two phials (for consecutive crushing) . 
Fig. 1 (page 29) 
Device for vacuum u.v. and visible spectrosooPY with 
0.1 and 1 cm. silica cells. 
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distilled into A, cooled to a temperature close to the melting point 
of the solvent, and the device sealed off at D and placed in the 
thermostat. After reaching thermal equilibrium, part of the liquid 
was tipped into the cell E, and the conductivity of the solution or 
of the pure solvent measured. 
The phial was then crushed into the whole of the solvent or 
solution, and its contents mixed. The liquid was quickly t ranferred 
into the cell, with due care to avoid breaking the second phial (when 
present) . The time lag between reagent mixing and first reading was 
about 20 sec . Further additions of reagent or of solvent could easily 
be carried out if required ( second phial and break seal F) . 
A paraffin oil bath, thermostatted by conventional techniques 
to ± O.lowas placed around the cell for the experiments carried at 
o temperatures from 0 to 35 • For lower temperatures, carbon tetrachlo-
ride, chloroform or methylene dichloride slushes in large Dewars were 
used. 
Cell nO II (Fig. 4) was specially built to eliminate any time 
interval between mixing of the reagents and the beginning of the 
eleotrioal oonductivity recording. This cell consisted of an inverted 
pear shaped 100 ml. flask G, blown in its lower part in a convenient 
shape to allow room for the pt electrodes and for an effioient propel-
ler (assuring an upward circulation of the liquid), and sealed to the 
side tube A. The two platinum eleotrodes Pt ( 1 om.x 1 cm.) were 
Fig. 4 (Pag 35) 
Conductivity cell nO 11 , e spec ially built to l iminate 
any time interval between mi xing of the rents and the 
beginning of the eleotri oal conduct ivity recor ding . The 
platinum electrodes are plaoed a t about 3 mm. distanoe 
and held firm by four soda- gl a ss beads , not shown on the 
figure for the sake of olarity. 
F 
c 
D 
Fig.4 
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placed at about 3 mm . distance and held firm by four soda-glass beads. 
The platinum leads attached to the electrodes were spot-welded onto 
1 mm. tungsten rods W, which were fused through the upper part of the 
flask and were externally connected to copper leads Cu. The upper part 
of G was prolonged, via an internal seal, by ' the magnetic stirrer 
compartment K. The Byrex shaft S connecting the propeller to the 
magnetic stirrer had to be perfectly balanced and straight in order 
to avoid any undue vibrations and shaking against the electrodes . 
Teflon rings Tf, which proved to be perfectly inert chemically, were 
used as shaft guides . 
To assure an invariable cell constant, the platinum leads were 
protected by soda-glass sleeves Sd down below the liquid level . 
Corrosion of the tungsten connections was prevented by covering them 
entirely with Pyrex. 
After a few shortcomings in its early stages, the final ,version 
of this device, as represented in Fig. 4, was successefully used at 
temperatures ranging from _65 0 to +250 , and under high vacuum 
conditions. The procedure for its use was as described for cell nO I, 
excepted than here the time lag between the crushing of the phial and 
the first reliable reading on the recorder was reduced to less 
than 1 sec . 
Cell nO III (Fig . 5) was devised in order to allow simulta-
neous electrical conductivity and u.v. and visible spectroscopy 
measurement under high vacuum . 1 mm . thick platinum wire flattened by 
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hammering to increase its surface constituted the electrodes. These, 
fixed 1 mm. appart with soda-glass beads, plunged into a 1 cm. 
spectroscopy silica cell, about 2 mm. above the optical path. The 
silica cell was prolonged via a silica-to-P,yrex graded seal (SiP) by 
a P,yrex tube P, which was connected in turn through a Pyrex-to-soda 
graded seal (SoP) to a soda-glass tube, whioh was melted on the pt 
leads, assuring a vacuum tight seal . P was connected to the sample 
tube A, and to the vacuum duct C. Inside P, the pt leads (0.5 mm. 
thick) were isolated by melting point tube sleeves (fused-on at their 
ends ). 
The procedure involved in the use of this cell was as described 
above for cell nO I. In all experiments this devioe was thermostatted 
via the speotrophotometer cell compartment (from 20 to 25 0 ). 
Devised in a most skeptical mood, this combined oell proved 
to be a useful tool and helped to solve a crucial problem in this 
work (Section 3.2.3). 
In building these three cells, I used conventional techniques 
and precautions, as recommended by Robinson and Stokes. 44 
2.2.2.2 Cell constants of the conductivity devices. The oell constant 
was obtained by using the procedure suggested by Lind, Zwolenik, and 
Fuoss. 45 Since in most cases the conductivity work was confined to 
a small range of temperatures, it was assumed that the value of the 
oell oonstant, determined at 250 , could be applied in all measurements . 
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Considering that I was more interested in conductivity variations at 
constant temperature than in measurements of absolute accuracy, this 
approximation is justifiable. 
Cell constants (cm . - l ): cell nO I = 0.094 
o 
cell 
cell 
n 11= 0.134 
o 
n 111=0.195. 
2.2.2.3 Conductivity bridges and recorders. Conductivities for 
calibration purposes were measured with a Wayne-Kerr B22l Universal 
Bridge. This instrument which works on the transformer ratio-arm 
principle has a built-in source (1,592 oyoles/sec.) and deteotor. 
Conductivities (10~1 to 10-8 mho) and capaoities (0 to 11 ~F~ are 
indioated separately, and the former oan be measured within ± 0.1% 
over the complete range. 
All routine conduotivity measurements were made with a Chandos 
Linear Conductivity Meter . This instrument measured conductivities 
from 10-2 to 10-8 mho (within ± 1%). Its output was connected either 
to a Beckman Linear Potentiometric Recorder, for normal runs, or to 
a Rikadenki Kogyo fast response - low drift dual-pen reoorder, when 
simultaneouB conductivity and optical density variations had to be 
recorded (using cell nO Ill) or when fast variations of conductivity 
(using oell nO 11) were measured . 
2 . 2.2 . 4 Conductivity of materials. The specific conductivity of 
CH2C12 was at the lowest limit of deteotion, i.e., in the range of 
-8 -8 0 10 to 2~10 Mhos, at 0 • 
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The concentrations of styrene used in the conductimetric runs 
(10-5 to 10-3 M) did not give any measurable increase of the specific 
conductivity of the solutions, as compared to the conductivity of the 
solvent (CH2C1 2). 
The equivalent conductivity of anhydrous HC104 was in the 
-3 2 -1 0 8 -3 2-1 range of 3.3~10 Mho cm. mole at 0 , and 4. ~10 Mho cm. mole 
at 180 , for 10-4 to 10-2 molar solutions in CH2C12• 
As a comparison, the equivalent conductivity of the ionic 
species investigated in this work was in the range of 10 to 102 Mhos 
2 -1 cm. mole • In most runs, the background specific conductivity, due 
to the solvent and to HCI04, was less than 1% of the total specific 
conductivity. 
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2.2.3 Vapour phase chromatography. 
Three different instruments were used to analyse the purity 
of materials or to identify (together with other techniques) recovery 
products. 
Volatile compounds (solvents and some of the olefins) were 
passed through a Perkin-Elmer Model 452 fitted with a 6 metre P.E. 
Ref. 0 column. Calibration data for this column were kindly supplied 
by Dr. C. James of Keele University. 
Medium range boiling point compounds (1000 to 2500 ) were 
analysed with a Perkin-Elmer F-ll, fitted with a 3 m. silicone-oil 
SE-30/Chromosorb P 100-120 mesh column. 
For substances of high boiling point, an instrument working 
at high temperatures (constructed in the Department from conventional 
components) was used. I am grateful to Dr. G. Jones of Kee1e University 
for giving me the opportunuty of using the latter chromatograph. 
All three instruments had a flame ionisation detector. 
Conventional precedures were adopted for sample preparation 
and instrument calibration (Perkin-Elmer manuals and lit. 46 ,41). 
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2. 2. 4 Molecular weight det ermination. 
Molecular weights were determined with a Mecrolab Vapour 
Pressure Osmometer Model 301 A, with a non aqueous probe and running 
at 37 0 • For my purpose this instrument was calibrated with triphenyl-
methane in dioxane, the latter being the only solvent I used . 
2.2 . 5 Elemental analysis . 
Elemental ana~ses were performed with an F and M kutomatic 
Carbon-Hydrogen-Nitrogen Analyser, in which the combustion products 
of the compound are determined by gas chromatography, by comparison 
with a standard. 
2 . 2 . 6 Molecular distillation. 
Compounds which decomposed by normal high va cuum distillation, 
or were avai lable in a too small amount to be distilled, and could not 
be fractionated by crystallisation because too impure (no nucleation) 
were successfully purified by molecular distillation. 
For this purpose I built the simple device (Fig . 6) ba sed on 
t ' 1 d ' 48 a conven ~ona es~gn. 
Up to 1 ml . of product from which any solvent had previously 
been removed by evacuation was placed in A, cooled externally with 
an ice bath; degassed by prolonged pumping, and then distilled at a 
rate of 2 drops per hr. under 10- 3 to 10-4 mm. , with gentle heating 
(40 to 900 ) assured by a small electrical heating ribbon, externally 
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wound. Due care was taken to avoid splashing of the liquid into B 
during the degassing (vigorous bubbling). 
2.2.7 Dosing of solvents and reagents under high vacuum. 
Methylene dichloride was dosed as published,49 volatile 
compounds were measured either by distillation into precision 
pipettes, or in the gas phase, via calibrated flasks. Non volatile 
and unstable compounds were dosed and diluted in phials to be c~shed 
by a magnetic breaker, as described by Rutherford. 50 
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2.2.8 Protonations. 
2.2.8.1 Introduction. Many works on carbonium ions published during 
the past years failed to give reliable results because insufficient 
attention was paid to the choice of appropriate experimental condi-
tions, such as concentration of the reagents, temperature at which 
they are made to react, mode of mixing, purity of the protonating 
agent, ,etc. 
In the experimental sections of this thesis I have shown that 
apparent extinction coefficients (computed on the assumption that all 
the precursor has been protonated) of a spectroscopically observed 
carbonium ion may vary by a factor of 10 or even of 100 according to 
the experimental conditions. 
Deno et al. 42 discuss reactivity problems associated with the 
preparation of carbonium ions and suggest techniques giving higher 
yields. 
2.2.8.2 Protonations under high vacuum. All the work involving HCl0
4 
was carried out in the spectroscopic and conductimetric devices 
described in sections 2~2.l.l and 2.2.2. The n.m.r. runs were made 
with the devioe illustrated in Fig. 1, one of the silica cells being 
substituted (via a soda-to-Pyrex graded seal) by a n.m.r. sample tube, 
which was afterwards sealed off and placed in the n.m.r. instrument 
probe. Careful balancing of the graded seal was required to avoid 
irregular spinning. 
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Work involving HS03Cl and H2S04 under high vacuum was 
carried out with the device illustrated in Fig. 7, based on a design 
suggested by Sorensen. 51 The required amount of compound (1 to 500 mg.) 
being placed in A and the acid (5 to 20 ml.) in ~, flasks A and ~ were 
cooled in liquid nitrogen, taps land 2 were opened, and the system 
evacuated. Tap 2 was then closed and the acid degassed by repeated 
thawing and freezing . Finally, tap 1 was closed, tap 2 opened and the 
compound distilled slowly into ~, the acid being rapidly stirred with 
the glass enclosed magnetic stirrer. The distillation took anywhere 
from 5 min. to 2 hr., depending upon the pressure and temperature 
differential between A and B. The acid was kept at any temperature 
o 0 between 20 and -30 and the compound between 0 and 50 • 
This method allowed clean protonations to be carried out with 
compounds which gave mostly polymers when treated conventionally. 
2.2.8.3 Open protonations. Even with compounisgiving very stable 
carbonium ions, no perfectly clean reaction can be observed when the 
undiluted compound is directly mixed with the protonating agent . 
Grace and Symons52 have shown that any attempt to prepare 
stable solutions of reactive carbonium ions can succeed only if the 
concentrations of all compounds with which they can react is a minimum. 
When the reactants are polymerisable olefins or the corresponding 
carbinol s , great care must be taken to minimise the contact between 
forming carbonium ions and reactants. This is best achieved by adding 
Fig. 5 (page 36) 
o Cell n Ill, for simultaneous eleotrical conductivity and 
u.v. and visible spectroscopy mea surements under high 
vacuum. 
Fig. 6 (page 41) 
All Pyrex device for mo1eou1ar distillation of small 
amounts of product (up to 1 ml.). 
Fig. 7 (page 44) 
Device for protonations by distillation under high vacuum. 
The small bar in B is a glass-enclosed magne t ic s t irrer. 
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a dilute solution of the compound to be protonated through a 
capillary to the periphery of the rapidly rotating acid. The fast 
shearing of the tip of the capillary facilitates thus the race 
through the dilute acid region with all possible speed. 42 Experience 
shows that the lower the initial concentration of the reagent, the 
lower the temperature of the acid, and the higher the mixing speed 
are, the higher is the yield of pure carbonium ion. 
An obvious difficulty is the choice of the right solvent, 
which has to be unreactive towards the reagent, the acid, and the 
carbonium ions formed, and sufficiently transparent for u.v. 
spectroscopy purposes. In most cases acetic acid52 is found perfectly 
suitable, but not in n.m.r. spectroscopy, where thionyl chloride43 
may be used occasionally with advantage. Olah et al. 53 have recently 
shown that ethanol can be used as a solvent for carbonium ion 
precursors in strong acids, for u.v. spectroscopy and, when no 
overlapping peaks appear, for n.m.r. speotroscopy. 
In a few protonations of highly reactive compounds (polymeri-
sable olefine), aiming at high concentrations for n.m.r. spectroscopy 
purposes (5-10%), I found CCl4 a very convenient solvent when H2so4 
was used. Dilute solutions of the precureor in CC14 were 
to very rapidly stirred H2S04; when the emulsion settled 
added slowly 
-down, in a 
few minutes, the acid phase containing the carbonium ion was decanted 
and tipped directly into the n.m.r. sample tube. ~nalysis of the CC14 
layer after this treatment showed that no traces of precursor remained 
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in solution. This method allowed clean protonations to be made with 
compounds with which all other techniques, including Sorensen's,5l 
had proved unsuccessfull. 
In order to check the possible effect of any dissolved ga ses 
( 02' S02' S03' etc.) comparative protonations were made with acid 
taken directly from the bottle, or flushed by prolonged bubbling of 
pure dry nitrogen, in the open, or finally under high vacuum after 
prolonged degassing . Identical results being obtained in all three 
cases, the acid was used without any treatment in further protonations . 
In all runs where the protonation was fast , no sulphonation 
by H2S04 or by HS03Cl was found, as shown by the analysis of the 
recovery products . 
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2.2.9 Recovery of products from carbonium ions. 
Essentially the same problems arise during the attempted 
recovery of precursors from carbonium ions as during the formation 
of the latter from the former. The ions must pass with all possible 
speed through regions of intermediate acidity, where both precursors 
and carbonium ions are ' unstable and hence destroyed by higher order 
reactions. Low concentration, low temperature and fast dispersal 
techniques42 minimise side reactions. 
Exploratory recovery experiments showed that even with the 
most stable ions, such as the triphenylmethyl cation, t ,:he greatest 
care must be taken in devising the appropriate dilution technique for 
clean and quantitative reoovery of the precursor . 
Thus, a 5% solution of triphenylmethanol in 98% H2S04 gave 
quantitatively the, trityl cation, a s determined by n.m.r. and u.v. 
spectroscopy (after due dilution in 98%. H2S04 in the latter case). 
starting from this clean solution , different dilution techniques 
gave the following results, as determined by i.r. and n.m.r. spectro-
scopy after conventional extraction and drying: 
a ) Direct mixing with ice-cold water, fast stirring: 50% 
carbinol, plus substituted compounds. 
b) Addition to 95% ethanol, fast stirring: 40% carbinol, 
ethoxy groups,56 para substituted compounds. 
c) Addition to 10% aqueous ammonia solution, fast stirring: 
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50% carbinol, 25% amine, plus non identified products. 
d) Addi t i on to ice-cold excess alkali, slow stirring: 60% 
carbinol, 'para substituted compounds', insoluble materials. 
e) Same as above, but very fast stirring: more than 90% 
carbinol, no impurities. 
All recovery runs in this work were made by pouring the 
carbonium ion solution through a capillary into the periphery of 
very rapidly rotating excess of aqueous sodium hydroxide at _100. The 
extraotions were made with hexane, carbon tetrachloride or carbon 
disulphide, according to the requirements (u. v . , i . r., n . m.r . spectro-
scopy and g .l . c . ) . lfhere necessary, comparative extra ctions were from 
acetic acid solutions of pure precursors, and the yield of t he 
extraction wa s always found to be nearly quantitative . 
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2. 2. 10 Identification procedures. 
In the identification of pure compounds, reaction intermediates 
and recovery products I made a systematic use of u.v., i . r. and n . m.r. 
spectroscopy, and g . l.c . , supported, when useful, by melting and 
boiling point, and refractive index determinations . Elemental analyses 
and molecular weight determinations were necessary only occasionally. 
2 . 2. 11 Polymerisation and isolation of pOlymers . 
Thepol1merisation experiments with styrene were carried out 
in the spectroscopic devices described, together with the general 
procedure, in Section 2. 2 . 1 . 1 . 
To isolate the polymer, the contents of the device were 
poured into vigorously stirred methanol, the fine precipitate was 
filtered off and dried at 500 in a vacuum oven to constant weight . 
Slow evaporation of the methanol phase isolated the oily oligomers . 
2.2 . 12 Other techniques . 
Melting points, refractive indices, and other routine 
determinations were performed by standard techniques . 54 
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CHAPI'ER THREE 
EXPERIMENTAL RESULTS 
3.1 Interaction of styrene and related compounds 
with concentrated sulphuric acid. 
3.1.1 Introduction. 
When styrene, 1,3-diphenylbut-l-ene, or I-phenylethanol are 
, 
treated with excess of anhydrous perohlorio or sulphurio aoid in 
dilute solution, or when these compounds are introduoed into concen-
trated sulphuric aoid, or when the corresponding chlorides are 
treated with aluminium or stannio chloride, the resulting solutions 
have spectra with two main peaks at about 430 and 310 m~.l The A , 
. max 
the e, the ratio E 430/£. 310' and the shape of the peaks vary according 
to the experimental conditions. 
It was long believed that this spectrum was due to the 
I-phenylethyl and the corresponding oligostyryl cations. 1- 8 This 
9-11 12 
assignment was challenged, and a very recent publication states 
that the I-phenylethyl cation oannot be formed even in S02-SbF5-FS03H 
at _60°, an aoid with a protonating power at least 104 greater than 
12 
100% H2S04• 
The oritioism was mainly aimed at Gandini and Plesoh's 
t ·· 1 . t' h' 13 b pseudoca ~on~o po ymer~sa ~on mec an~sm, ased partly on the 
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assumption that the styryl cation always shows an absorption a t 
about 310 and 430 m~, the latter peak being the higher. Hanazaki and 
Nagakura9 suggest that the l-phenylethyl cation probably does not 
exist at room temperature and state, from SCF molecular orbital 
calculations, that in any case its low wavelength peak should have 
the higher intensity. Higashimura et al. 10 believe that the absorption 
at 430 m~ cannot be due, or directly related, to the styryl cation. 
11 Bywater and Worsfold suggest that the polystyryl cation shows 
maximum absorption at 320 mp and not at around 420 m~, and show that 
the latter absorption is associated with the reaction products from 
cyclic end groups in the polymer. These latter findings are partly 
in agreement with my simultaneous and independant work. 
As a starting point for this section of my work, two important 
questions had to be answered: 
a) Do the 310 and 420 mp peaks belong to the same species, 
and if so, attempt to identify the cation(s) responsible 
for this absorption. 
b) Does the styryl cation exist as conventionally accepted, 
and if so, what is its ultraviolet and visible spectrum. 
As only circumstantial (uov. spectroscopy) evidence was 
available regarding the existence of the alleged l-phenylethyl cation 
and its related polystyryl cation, I thought that an obvious (but 
surprisingly never attempted) step was to isolate the product(s) 
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deriving from the protonation of styrene, and analyse them. 
A thorough look through the literature on stable carbonium 
ions showed that apart from n.m.r. spectroscopy (when possible) the 
only unambiguous identification of a carbonium ion was the recovery 
and identification of the precursor (olefin or carbinol) after due 
dilution. 
Deno et al. l4 have discussed the techniques to use in order 
to avoid side reactions during the neutralisation of the carbonium ion. 
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3.1. 2 Interaction of styrene and I-phenyl ethanol with 9B% 
sulphuric acid. 
3.1.2.1 Procedure. Styrene or I-phenylethanol purified as described 
in sections'2.1..2.1 and 2.1.4.1 were introduced into rapidly stirred 
H2S04 
either by vacuum distillation,15 using the device illustrated 
in Section 2.2.B.2, or through a capillary.14 In the latter instance, 
10-4 to 10-1 M solutions in AcOH (1 ml.) were diluted in 9 ml. H2S04. 
With both techniques, the final dilution was 10-2 to 10-5 M. All runs 
o 
were performed at temperatures between -20 and ° . 
3.1.2.2 U.v. and visible spectroscopy. Styrene and I-phenylethanol 
give the same s pectra in conc. H2S04 (l-phenylethanol being first 
dehydrated to styrene, as shown by Gandini and PleBch16 ), and will 
thus be considered a s the same species. 
Though some discrepancies are found in the published work on 
this Bystem,4,6,B and between the published results and my own 
findings, one essential point is clearly e stablished: in the cleanest 
experimental conditions, styrene solutions in conc. H2S04 exhibit 
two main peaks, at around 315 and 430 m~, with £ 315) £430. The 315 m~ 
peak being fairly reproducible in position, while the 430 mp peak 
varies considerably both in position and shape from one experiment 
to the next, suggesting that many different species, formed in 
variable proportions, absorb at this wavelength range. 
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In my runs, I found that after one to five days the 315 m~ 
peak is replaced by one at ca. 310 m~; the peak at ca. 430 m~ 
decreases, and one at 415 m~ becomes prominent. A possible explanation 
of this shift is given in Section 3.6.2, (page 104). 
In particularly "dirty" runs (room temperature, slow stirring, 
or high concentration of styrene) the 430 m~ region peak was prominent . 
Fig. 8 compares spectra from "clean" and"dirty" runs. 
The low extinction coefficients of all peaks (between 103 and 
3~103) showed that even in the best conditions partial polymerisation 
occurred. In fact, theoretioal and analogy oonsiderations17 suggest 
that the extinotion ooefficient of a pure monoary1a1ky1carbonium ion 
in the 315 m~ region should be at least 104 • 
3.1.2.3 Recovery experiments. After measuring the u.v. spectrum of 
styrene or 1-pheny1ethano1 solutions in H2S04 , at time intervals from 
5 sec. to 1 hr. after mixing, and in consecutive experiments, the 
reaotion products were recovered by adding the reaotion mixture into 
an exoess of ioe-001d aqueous NaOH, using rapid dispersal teohniques14 
(Section 2.2.9) and extracting the aqueous solutions with CC14 , CS2, 
or hexane. 
The u.v. and i.r. spectra of the extraots showed the presence 
of a mixture of unsaturated oligomers (293 m~ u.v. absorption) and 
of oligomers with indany1 end-groups (273 m\-, u.v. and 6.8 t.t i.r. 
absorption), as shown in Fig. 9. 
Fig . 8 (page 58) 
Two typical spectra of styrene in 98% H2S04. 
The "clean" spectrum (315 m~ peak) was from styrene solutions 
prepared at 00 and by fast dispersal techniques or by vacuum 
distillation. The "dirty" spectrum was iven by styrene 
solutions prepared at 22 0 , with slow st irri 
Fig . 9 (page 58) 
A) Infrared spectrum showing the presence of indane end roups 
(1470 cm. - 1 peak) in the products recovered (after killing 
the ions) from protonated styrene . 
B) U. v . spectrum showing the presence of unsaturated (293 m~ ) 
and saturated (273 m~ ) end groups in the recovered products . 
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Gas chromatography of the extracts showed that no detectable 
amounts of styrene or of I-phenylethylene were recovered. This agrees 
with the recent finding that the I-phenylethyl cation cannot be 
formed even in S02-SbF5-FS03H at _600 , but this point was not known 
when I started this work. In similar experiments witha:-methylstyrene 
(Section 3.4.2) up to 5% of the original olefin was recovered. 
The g.l.c. of the extracts revealed only three components: 
1,3_diphenylbut-l-ene(VIII~methYl-3-phenylindane (IX), and unknown 
(u) in order of increasing retention time; VIII being the linear, 
, 
unsaturated dimer, and IX the cyclic, saturated dimer of styrene. 
The first and second fractions were identified by the retention time 
of authentic speCimens, and in the same way it was later ascertained 
that U could oonsist of one or more of the following: l,3-diphenyl-
but-2-ene, I-methyl-3-phenylindene, and l,l-diphenylbut-l-ene. 
A quantitative comparison of the gas chromatographic results 
(peak area ) with the u. v. speotra ( opt iC9,l density .. D ) of the 
extracts showed that these must have contained appreoiable quantities 
of non-volatilisable oligomers. 
But the most striking feature revealed by this comparison was 
that the ratio of VIII to IX in the reoovered product 'WaS the larger, 
the higher the 315 m~ peak had been in the sulphuric acid solution. 
In runs in which the 315 m~ peak was hardly detectable and the 430 m~ 
peak very large, no unsaturated dimer (VIII) was recovered at all. 
This finding suggests strongly that the l,3-dipheny1-n-butyl cation 
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could well be the species responsible for the alleged styryl 
cation spectrum. 
To substantiate this hypothesis, the linear and cyclic 
dimers of styrene were prepared (sections 2.1.4.7 and 2.1.5.1) and 
their interaction with conc. sulphuric acid investigated, as 
described in the following section. 
~: All reactions in concentrated H2S04 were very fast 
(the peaks reached their maximum absorption by the time the first 
spectrum was scanned) and accordingly no kinetic information was 
obtained for the H2S04 systems. Kinetio measurements were possible 
with the HCl04/CH2C12 system, in which the reaotions were much 
slower, and they will be discussed in the appropriate sections of 
this thesis. 
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3. 1.3 Interaction of l,3-diphenylbut-l-ene and I-methyl-3-phenyl-
indane with concentrated sulphuric acid . 
3. 1 . 3. 1 1,3-Diphenylbut-l-ene and 98% sulphurio acid . The experi-
mental conditions were as described for styrene, in Sec . 3.1 . 2 . 1. 
With this compound it was impossible to obtain perfectly clean 
reactions; even in the best conditions considerable oligomerisation 
and cyclisation occurred, with subsequent ionisation of the cyclic 
end groups (as further investigated in Section 3. 1.3.2). 
The u . v . spectrum (Fig. 10 A) is very similar to that obtained 
with styrene solutions (Fig. 8) and exhibits a peak at 314-315 m~ , 
and another one, broad and variable in shape, intensity and position, 
at around 420-440 m~ • In clean conditions (rather low extent of 
cyclisation) the first is larger than the second. As with styrene, 
the low extinction ooefficient of the 315 m~ peak (about 103 ) showed 
extensive polymerisation. The amount of unsaturated dimer recovered 
(g . l .O.) was the larger, the higher the 315 m~ peak had been in H2S04• 
Any attempt to protonate 1,3-diphenylbut-l-ene in high enough 
conoentration (1 to 10%) for n.m.r. spectroscopy purposes yielded 
3.1. 3. 2 l-Methyl-3-phenylindane and 98% H2S04• Solutions of the 
cyclic dimer of styrene in H2S04 (same procedure as for styrene) 
exhibit the olean and reproducible u.v. spectrun shown in Fig . 10 E, 
with two main peaks at 304 and 415 m~ , and two shoulders at 290 and 
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315 m~. The apparent extinction coefficient of these peaks increase 
with increasing dilution, to reach the approximate limiting values of 
3 4 £: 304 ::.5. 3x10 and £415 ~ 1. 5x10 , based on concentration of I-methy1-
3-pheny1indane; (apparent extinction coeffioient, i.e. obtained by 
\ 
dividing the optical density D of the ionic species by the molar 
conoentration of the preoursor - sttrene, cyclic dimer, etc.; --
"apparent", because nothing is known about the extent of conversion) . 
Again , as with styrene and 1,3-dipheny1but-1-ene, increasing 
conoentration reduced the relative absorption of the 304 and 415 m~ 
peaks, and raised the polymer absorption around 270 m~ • Spectra 
after dilution of the H2S04 solution in excess alkali showed that 
only the latter absorption persisted, unaltered, (the 304 and 415 m~ 
peaks desappeared completely) and ~emonstrated that no stable po17-
styry1 cations were formed by rearrangement and polymerisation 
reactions. 
Although superficially similar to the speotra of styrene and 
its unsaturated dimer in H2S04 solution, the speotrum of 1-methy1-
3_pheny1ind,ane in H2S04 shows many specific characteristics which 
show that it must belong to different species: 
a) The high wavelength peak always has the higher intensity, 
whatever the experimental conditions, with a ratio £ le 
415 304 
of the ord~r of 2.5 • 
b) The two peaks are reproducible in position and shape, this 
excludes the possibility of variable side reactions, which 
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normally occur with styrene and its linear dimer . 
c) The spectrum remains stable for weeks. while with styrene 
and its linear (unsaturated) dimer it changes within a few 
days (the 315 m~ peak shifts to 310 m~ ). 
d) It is identical to the spectrum which styrene exhibits in 
HCI04/CH2C1 2 solutions (considering a bathochromic shift of 
-1 
about 400 cm of all peaks in the latter system), as shown 
in Fig. 11. 
Moreover, recovery experiments carried out as for styrene 
(Section 3. 1 . 2.3), yielded extracts in which u . v . spectroscopy did 
not reveal any me~surable amount of 1,3-diphenylbut-l- ene . 
In all experiments with conc . H2S04 , the ionisation was 
complete in less than 15 sec . 
Fig . 10 
Speotrum of a solution of unoa d o G yr no i n 
98% H2S04, pro pared by vacuum di till t1on . ~o h 
maximum at 315 m~, the eame as %bibi 
styrene solutions , in Fi g. 8 . 
Fig . 10 B (Pag 61) 
by h "01 nil 
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Fig. 11 (page 63) 
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Discussion. 
The above results concerning the interaction of styrene and 
its dimers with concentrated sulphuric acid are of importance for 
the elucidation of the nature of the chain carriers in polymerisa-
tions of styrene catalysed by strong acids. They show that the 
I-phenyl ethyl cation cannot be formed in any detectable amount 
even in these very favourable conditions, and invalidate any 
previous assignments of the spectra of styrene in H2S04 to this 
cation. 
The alleged I-phenyl ethyl spectrum can only, and at the best, 
be attributed to the 1,3-diphenyl-n-butyl cation and its oligostyryl 
homologues, and only a s far as the low wavelength absorption is 
considered. This is consistent with the recent demonstration12 ,18 
(by n.m.r. and u.v. spectroscopy) that monophenylalkylcarbonium ions 
of very similar structure , such as the 2-phenylprop-2-yl and the 
2_phenylbut-2-yl cations, exhibit the major absorption at around 
320 m~ • The pol~styryl anion absorbs19 at 340 m~ , and it is well 
established that wavelength positions and absorption intensities of 
arylalkyl anion and cation do not differ widely.20 
The question remaining open at this point is which are the 
species responsible for the absorption in the 430 mp region ? 
Experimental evidence shows that diphenylcarbonium ions absorb 
. th' ,12 E t ' strongly ~n ~s reg~on . x ens~ve rearrangement reactions 
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leading to such cations could plausibly account for the absorption 
around 430 m~ . This hypothesis is confirmed by my experimental 
investigations, which are fully described and discussed in further 
sections of this thesis (3.6.1 - 3. 6.6). 
Another important fact, as independently found by Bywater and 
Worsfold,ll is the interaction of the cyclic dimer I-methyl-3-phenyl-
indane with concentrated H2S04• We have seen (Section 3.1. 3.2) that 
sulphuric acid solutions of this compound exhibit the u.v. spectrum 
of styrene in HCl04/CH2C12 , which was believed
l to belong to the 
l-phenylethyl cation. Unless improbable rearrangement reactions of 
I_methyl-3-phenylindane to species very similar to the I-phenylethyl 
cation (or rather its higher homologues, since it has been proven 
that the latter cation is not stable) can be demonstrated, it becomes 
fairly clear that what happens must be the other way round, i . e., in 
media of low dielectric constant and low acidity (HCl04/CH2C1 2 system) 
styrene may follow reactions paths which lead, directly or indirectly, 
to speCies identical or very similar to those obtained from the 
cyclic dimer. 
Clearly, the above considerations are at this point only 
plausible speculations, and more experimental work is required to 
come to a conclusion. Further sections of this thesis will show that 
they were well founded (3.2.1 - 3.2.1) . 
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3.2 Interaction of styrene and related compounds with 
anhydrous perchloric acid in methylene dichloride. 
3.2.1 Introduction. 
The system styrene (or related compounds) - anhydrous 
perchloric acid - methylene dichloride was considered for the 
following reasons 
a) Although this system has been extensively studied and reported, 
both under pOlymerisationll ,13,18 and under protonationl,ll 
conditions, there was no agreement on the interpretation of 
the experimental results nor on their mechanistic implica-
tions (as discussed in Sec. 3.1.1 of this thesis), and 
apparently more experimental work was needed. 
b) The reactions in this system are comparatively slow (minutes, 
as compared to seconds in the conc. H2S04 systems) and useful 
kinetic information may be gained. 
c) The system is clean, all work being performed under high 
vacuum oonditions, and any practical range of acid concentra-
tion may be used. 
d) Electrical conductivity measurements are possible, and thus 
more experimental data are made available. 
e) The recovery experiments are simplified by the fact that no 
extraction is required after the killing of the carbonium ions. 
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My principal aim in the investigation of this system was the 
study of the interaction of styrene with a high excess of HCI04 , in 
so called " protonation"conditions. We shall see farther that the 
term protonation cannot be properly used here, its' conventional 
meaning implying the direct addition of a proton to a nucleophilic 
21 reagent. What occurs in our case being a long series oligomerisa-
tion, cyclisation, and rearrangement reactions, followed by ionisa-
tion yielding carbonium ions, possibly via a hydride ion abstraction 
mechanism, the expressions interaction and ionisation will be used 
in place of protonation. 
All the headings "Interaction with HCI04" in the following 
sections mean interaction with anhydrous acid in methylene dichloride, 
using high vacuum techniques. 
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3.2.2 Procedure. 
U.v. spectroscopic runs were made under high vacuum 
conditions with the devices described in Section 2.2.1.1 of this 
thesis. Conductivity runs under high vacuum were performed with t he 
conductivity oells I and II, and simultaneous spectrosoopic and 
conductimetric experiments under high vacuum were made possible by 
using cell III. 
The reaotions were carried out either at 250 or at 20 , as 
specified. D~sing of solvents and reagents under high vacuum was 
performed as described inSeo. 2.2.7, and the conc~ntration of 
styrene was further oontrolled by measuring the intensity of its 
291 m~ peak. The baokground absorption and conductivity due to 
HC104 were determined in preliminary runs and subsequently subtracted. 
Killing of the carbonium ions was done by pouring the CH Cl 2 2 
phase through a capillary into a rapidly stirred excess of aqueous 
sodium hydroxide, extraoting by the same operation the undesired 
NaCI0
4
• The subsequently dried (over K2C03) methylene dichloride 
phase was then analysed by u.v. speotrosoopy and g.l.o. In order to 
make sure that no HCI04 remained in the CH2C1 2 phase (which could 
result in a subsequent polymerisation of the extracts), styrene and 
l_phenylethanol solutions were prepared in CH2C12 from which 
previously dissolved HC104 was extracted using this technique . G.l.c. 
revealed that both compounds remained unaltered. 
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3.2.3 Interaction of styrene with a large excess of HClO~ 
Spectroscopy. The best working conditions were attained 
with a 100 to 500 fold excess of acid with respect to the styrene 
concentration; less aoid tended to deorease the yield of protonated 
species, more acid made the reactions too irreproducible. 
The absorption maxima in the resulting spectrum were located 
in a few preliminary runs at 308 ± 1 m~ and 420 ± 2 m~ • A very 
variable absorption in the 270 mJ.l region was at first .attributed to 
products from side reaotions, of non-carbonium ion origin (they 
remained unaltered after addition of exoess alkali or ethanol). 
I found later that this absorption was due to oligomers with indanyl 
end-groups, which take a most essential part in the ionisation 
reaction; actually, the carbonium ion studied cannot be formed 
without these alleged side-products . I have to say with some regret 
that most of my preliminary experiments were made trying hard to get 
"clean" reactions in whioh these " impurities" do not appear. 
In an attempt to duplicate Gandinis ' experiments,l I decided 
to measure the rate of reaction by scanning at 308 m~ against time . 
To my surprise, the analysis of the reaction traces, in two conse-
cutive experiments at room temperature (PRV7-8St), gave second 
order plots (equal starting concentrations) up to 60-70% conversion. 
This was at variance with Gandinis ' work,l who found first order 
plots scanning the increase of the 420 m~ peak. 
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I then performed two more reactions at room temperature 
(PRVlO-llst) in which the increase of the 420 m~ peak was scanned 
against time, and again found second order plots up to 60-70% 
conversion (Table 11) . Fairly acceptable first order plots were 
obtained for the final 30-40% portions of the 420 m~ traces with 
first order rate constants of 2. 65 x 10-3 and 5 . 78 x 10-3 6ec . - l 
( computed from half-lives), as compared to 9. 7 x 10-3 and 8 . 7 x 10-3 
s90 . - 1 in analogous runs performed by Gandini . l 
Fig. 12 A shows the first and second order plots of a typical 
spectro6oopic run (PRVllSt) in whioh the increase of the 420 m~ peak 
was recorded. The experimental conditions were : temperature 250 ; 
concentration of styrene 1.19 x +0-4 M, oonoentration of HCI04 
8 . 35 x 10-3 M. The second order plot give~ a straight line ; the first 
order plot giveB a curve concave to the time axis · the third order 
plot (not shown here) gives a convex curve . Clearly, the second 
order plot is the most appropriate . More than 10 separate spectro-
scopic and conductimetric runs were plotted as above, and always 
. 
only the second order plot gave a straight line, up to 50-70% 
conversion. 
The following integrated expressions62 were used for the 
characterisation of the reaction order of the spectroscopic and 
conductimetric experiments . The second and third order rate equations 
apply to the simplified case of equal starting concentrations, i . e . , 
either two reagents of the same concentration, or one reagent 
Fig. 12 A (p~e 70) 
I . A typical reaction curve: D420 as a function of time , for 
styrene interacting with a hi h xcesa of HC104• 
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reacting wi th itself 
First order: ~= 2.303 10glO 
Xf -1 sec. 
t Xf-Xt 
Second order: 1 [ 1 1 ] k2 =- t Xf -Xt X -X f 0 
X is alternatively the optical density D, the speoifio 
conductivity K , or the ionio concentration x . 
X = value s at beginning of reaot ion, 
o 
Xt = values at time t, 
Xf=values at the end of reaotion (100% conversion). 
The oonoentration of ions, x, oan be expressed either in terms 
of their extinction ooeffioients E308 and £430 and of the oorres-
ponding observed optioal density D : 
or in terms of the equivalent conductivity 1\ and of the observed 
o 
speoifio oonduotivity ~ 
1000K 
x= 
1\0 
The use of the last two relations requires a knowledge of 
£ 308' £420' and 1\0' whioh oannot be deduoed from the initial 
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concentration of styrene, because the ionisation is never quantitative 
since variable amounts of polymer are formed even in the best condi-
tions. These parameters were eventually determined from pure ions, 
formed quantitatively directly from their precursors (Sec. 3. 6 . 3), 
and are: £308 = 12,000 , £'420= 35,000 , and 1\ 0= 131 (Mhos cm. 2mole -1). 
All data relevant to the kinetic investigation of the inter-
action of styrene with a large excess of HC104 are displayed in 
Table 2. 
The second order rate constants found for the spectroscopic 
runs described above (carried out at 25 0 ) show an excellent agreement 
between PRV10St and PRVllSt, both runs concerned with the 420 m~ 
peak increase, where k2 was respectively 1,100 and 1,090 lit. mole-1 
sec.-l When the increase of the 308 mp peak is considered (PRV7st 
and PRV8st), the second order rate constants are found to be 
.. -1 -1 
respectively 1,500 and 300 lit. mole sec. ,quite in disagreement 
apparently, and showing a bad reproducibility. However, if the 
arithmetic mean of the last two values (1,500 + 300)/2=900 is taken, 
a much better agreement with the rate constants for the 420 m~ runs 
(1,100 and 1,090) is found. 
Although the values of the second order rate constants found 
for the speotroscopic runs above appear to be of similar order of 
magnitude, they show that the reaction investigated is poorly 
reproducible, as confirmed by the variable magnitude of the final 
Table 2. 
(ref . page 72) 
PRVSt Temp. 
4 2 [HC 1 041 10 [st~ ° 10 [HC104]0 [st . ] 106 [ions Jr k2(42O) k2(308) k2( K) PRVs t 
7 25° 1.9 1.34 70 9. 6 1,500 7 
8 25° 1. 08 1.87 173 15 . 8 300 8 
10 25° 1.59 1.57 100 8 . 45 1,100 10 
11 25° 1. 19 0. 835 70 5. 7 1,090 11 
16 25° 0. 272 0 . 12 44 2. 59 1,100 16 
18 25° 0. 934 1.06 114 11. 6 288 224 18 
19 8° 1. 09 1.2 110 10. 1 132 195 19 
21 4° 0 . 615 1. 54 250 8. 9 153 154 21 
22 2° 1. 36 2. 05 150 20· 5 117 194 22 
23 2° 0. 97 1. 5 155 16 . 9 220 170 175 23 
24 2° 0. 88 2. 24 255 16 . 5 183 203 403 24 
All concentrations are in moles per litre 
The dimensions of the second order rate constants k2 are - 1 - 1 lit. mole sec. 
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apparent extinction coefficients, which are: 605 and 1,760 for the 
308 mp peak (PRV7st and PRV8st respectively), and 1,860 and 1,680 
for the 420 mp peak (PRVIOSt and PRVIISt respectively). Again, the 
reproducibility appears to be better for the 420 mp peak than for 
the 308 m~ peak. This can in part be acoounted for by the f act that 
the optical density in the 420 m~ region can be measured with a 
higher accuracy than the optical density in the 308 m~ region, where 
a variable background absorption is observed (due to polymer f orma-
tion and to the HCI04 absorption) . 
As no adequate information appeared to be obtainable from 
separate optical experiments, I decided to build the device described 
in Section 2.2.2.1 , with which simultaneous conductivity and 
spectroscopic measurements oould be made . The oonductivity was 
recorded, and the increase of the 308 and 420 m~ peaks was plotted 
point by point by continually changing the wavelength setting of 
the spectrophotometer . 
The results by these simultaneous measurement are discussed 
in the following section. 
Conductivity and simultaneous conductivity and spectroscopic 
measurements. Electrical conductivity measurement of 10-5 to 10-4 M 
styrene solutions in methylene dichloride interacting with a high 
excess of perchloric acid (10-3 to 10-2 M) were carried out at 
temperatures ranging from +25 0 to _61°. Simultaneous conductivity 
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and spectroscopic measurement were made in similar conditions, 
o 0 but only between 25 and 2 • The results showed'that: 
a) The specific conductivity gave second order plots, with 
approximately the same rate constant as for the absorbance 
increase ( Fig . 12 Band PRV18, 19, 21-24St in Table 2 ). 
Moreover, the conductivity reached its maximum in the same 
time as the absorbance . 
b) Clean and more complete reactions were obtained at 20 than at 
o 1\' , 25 , as shown by the higher values attained by M and S ' 
(apparent molar conductivity and extinction coefficient) at 
the lower temperature : 
25 0 (PRV18st) 
, 
: E 308 =1,500; I\~ = 16.9 Mhos cm. 2 mole-l 
20 (PRV23St) 
, 
: (308 = 2,600; A ' / 'M 23.7 11 11 11 
(the concentrations of styrene and HCI04 are shown in TableI~ . 
c) In the cleanest runs, made at 20 , the conductivity, the 308 mp 
peak, and the 420 m~ peak increased at very nearly the same 
rate. Thus, for instance, in PRV23St ([styrene]= 9. 7 x 10-5 M, 
[HC104] = 1.5 x 10-
2 M) the second order rate constants for the 
increase of the )08 and 420 m~ peaks, and the conductivity were 
respectively 220, 170, and 175 lit. m01e-1sec.-l 
d) After the mixing of the reagents, there was an induction 
period , during which the specific conductivity was zero 
within the range of experimental error (Fig . 13), after 
Fig . 12 B (page 742 
Second order plots (equal initial cone.) of reaction curves 
representing the increase of the 308, and 420 m~ peaks, and 
of the conductivity, measured simultaneously. (Interaction 
of styrene with high excess of HC104, at 2
0 ) . 
The arrows show 50% increase of optical density or specific 
conductivity_ 
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subtraction of the solvent and HC104 conductivities, which 
are both low. This induction period increased when the styrene 
concentration and the temperature were lowered, and was about 
3 sec . when 5 . 45 x 10-5M styrene interacted with 5. 6 x 10-3M 
HC10
4 
at 17 0 , and about 100 sec. with 5. 45 x 10-5M styrene 
and 7 x 10- 3m HC104 at _61° . 
3. 2 . 3. 3 Recovery experiments . At time interval s from 10 sec . to 1 hr . 
after the mixing I recovered the reaction products, as described in 
Sec . 3. 2. 2, and analysed them by u . v . spectroscopy and g . l . c . The 
results can be summarized as follows : 
a) Styrene (or l-phenylethanol) was never recovered . 
b ) In the early stages of the reaction a very small amount of 
1,3-diphenylbut-l-ene was recovered. 
c ) Cyclic dimer was recovered in amounts which deoreased as the 
reaction proceeded further ; at the end of a reaction, when 
absorbance and conductivity had reached the maximum value, no 
saturated dimer was recovered at all . 
d ) Two unknown compounds were recovered in similar amounts, which 
increased as the reaction proceeded. The first of these 
compounds was later tentatively identified by g . l . c . as 
l-methyl-3-phenylindene (same retention time, same peak shape); 
The second, unidentified but probably a saturated compound 
(u . v . spectroscopy and retention time on the g . l . c . ), could 
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be 1,3-diphenylbutane. 
e) A quantitative comparison of the gas-chromatographic results 
with the u.v. spectra of the extracts showed that these 
contained variable amounts of non volatilisable oligomers. 
Thus , the concentration of cyclic dimer in the extract 
(cyclohexane) of a particular run (VE34E) was 2.8 x 10-4M as 
computed from D273 andE273 ' and about lO-4M, when deter-
mined by g .l-c. 
Table 3 shows the variation of recovered product distribu-
tion with increasing reaction time. Styrene (or l-phenylethanol)=VII, 
unsaturated dimer =VIII , saturated dimer=IX, I-methyl-3-phenyl-
indene = XXIII, unknown =U : 
Table 3 
time VII VIII IX XXIII U 
10 sec. 0 + +++ + + 
1 min. 0 0 ++ ++ ++ 
5 min. 0 0 +- +++ +++ 
45 min. 0 0 0 +++ +++ 
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3.2.4 Interaction of styrene with equimolar or small excess 
of perchloric aoid . 
When [HCI04] was between ca. 1 and 10 times [C8R8l, the latter 
being in the range of 10-4M, the following pattern of ~eactions was 
observed, as determined by u .v. spectroscopy, electrical conducti-
vity and analysis of recovered products : 
a) Even with the lowest concentration of RCI04 (equimolar) styrene 
dimerised to 1,3-diphenylbut-l-ene in a matter of seconds. The 
unsaturated dimer formed in the first step cyclised very rapid-
ly to I - methyl-3-phenylindane . No reliable kinetic information 
was obtained for the second step, considering its high rate 
and its simultaneity with the first step; nevertheless the 
spectroscopic data suggested that the se~ond reaction (cycli-
sation) was rather slower than the first (dimerisation). 
b) At the end of the reaction sequence (as shown in Fig. 14 R) 
the cyclic dimer is formed quantitatively (molar extinction 
coefficient of the 273 m~ peak : found 1,270, expectedl,250), 
and remained stable for 24 hr. even in presence of tenfold 
excess of HCI04• 
c) No ions appeareA at any stage of the reaction, as shown by the 
absence of peaks above 300 m~ and by the absence of conducti-
vity increase . This does not exclude the possibility that 
carbonium ions existed in too low concentration to be detected. 
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d) At the end of the reactions a very weak absorption band deve-
loped near 400 m~. The concentration of the species res~on­
-6 sible for this absorption was certainly less than 10 M 
(assuming an extinction coefficient of 104 ). 
e) When more acid was added, or when the initial excess of HCl04 
was larger than about 10, ions were formed, the rate of 
increase of D308 ' D420 ' and K:(speoifio conductivity) being 
identical, the final spectrum had the usual two peaks at 308 
420 m~ • Fig. 14 B shows u.v. spectra at successive stages 
of the ionisation of the cyclic dimer. 
f) Recovery experiments at successive times after the mixing of 
the reagents confirmed the spectroscopic findings (summarized 
in table 4): styrene reacting too quickly, was never recovered~ 
unsaturated dimer was recovered in the early stages of the 
reactions; pure cyolic dimer was recovered at the end of the 
reactions. 
g) In a run in which 7.3 x 10-~ styrene reacted with 2.2 x 10-2M 
HCI0
4 
(30/1 excess), a fast cyclisation occurred, and subse-
quently about 20% of the resulting cyclic dimer ionised. 
Table 4 
time styrene unsat. dimer sat. dimer 
10 sec. 0 +H + 
1 min. 0 + ++ 
30 min. 0 0 H++ 
Fig . 1 74) 
Typical oonductivity reoord showi induc ion p riod. 
Fig . 14 A (pnge 17) 
Interaotion of styrene with a small xo se of HCl04 u . v . 
spectra at different time intorvals ( n 1 . 61 x 10-~ , 
HCI0
4 
1 . 15 x 10-4M, temperature 20) . 
Ca) Styrene before reaotion. 
Cb) 1 min. after the mixingJ note the om ring out of he 
282 m~ peak, and the shift of the 291 m~ eak to 293 m~.This 
speotrum is characteristic of 1 3-diph ny1but-1-en cont i-
ning some cyclio dimer (213 m~ should r) 
(c) After 5 min., the cyolic dimer peak at 273 m~ b oomes pro-
minent; the unsaturated dimer peak t 293 mp, is very 
shallow. 
(d) After about one hour, the speotrum of pur oyclic dimer is 
formed; note the oomp1ete disappearanoe of th unsaturated 
dimer peak, at 293 m~ . 
Fig . 14 B (page 78) 
U.v. spectra showing the interaction of 1-methyl- 3- pheny1-
indane (1.1 x 10-4M) with HC104 (1 . 8 x 10-
2 ) at 20. 
(a ) Before reaction, speotrum of pure oyclio dimer. 
(b) 1 min. after mixing; appearanoe of 308 mp peak. 
(c) After 5 min. (d) After 1 hr . ~ oomplete disap ranoe of the 
cyclic dimer spectrum, replaced by h usual p k t 308 mp 
and the shoulder a t about 290 m~. 
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3.2.5 Inter act i on of an excess of styrene with perchloric acid. 
The interaction of styrene with anhydrous perch10ric acid 
in methylene dichloride solution under polymerisation conditions 
(large excess of styrene) was investigated in this work with a dual 
purpose: a) to attempt to trace any ionic speoies which may have 
escaped the observation of previous researchers;13 b) to observe 
the reaction sequence leading to polystyrene and finally to the 
ionic species appearing at the end of the polymerisation. 
to 5 x 
a) Styrene, 10-3 to 2.5 M, was polymerised at 20 using 10-5 
-3 10 M HCI04 , and the whole spectrum was repeatedly examined, 
from 600 mp down to the styrene cut-off (300 to 310 m~, according to 
the concentration)4 No absorption band was observed in this regi on 
(four experiments) during the polymerisation, the lowest detection 
limit being in the range of 10-6 M of ionic speCies, assuming an 
extinction coeffioient of 5 x 103 for these. The usual spectrum 
with maxima at 308 and 420 mp appeared as expectedl } only at the 
end of the polymerisation, and at this moment only the solution 
turned yellow. 
When at the end of the first polymerisation more styrene was 
added, the yellow colour (and assooiated sp~ctrum') disappeared 
immediatly and a second polymerisation proceeded. A yery careful 
examination of the spectrum during the second polymerisation 
revealed (in all the t hree runs made in these conditions) the 
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appearance of a very shallow band at 377 m~ ~ 2 m~. Assuming an 
extinction coefficient of 104, the concentration of the species 
related to this absorption should have been of the order of 2 x 10-6M. 
As the kinetic pattern for both first and second polymerisa-
tions is the same (in agreement with Gandini and Plesch's results13 ), 
the species responsible for this . n~w absorption do not seem to take 
any measurable part in the reaction, and might be generated by 
rearrangement reactions of the ionic species appearing at the end 
of the first polymerisation. 
b) When the speotrum of polymerising styrene was observed in 
the region of 240 to 300 m~, it was seen that as styrene was consu-
med, its sharp absorption peaks at 282 and 291 m~ decreased and were 
replaced by a single sharp peak at 293 m~ , showing the formation 
of styrene oligomers with unsaturated end groups. 
When all styrene had reacted, as shown by the disappearance 
of its major absorption at 249 m~ (€ 15,500), the unsaturated end 
group peak (293 m~ ) started decreasing, and the spectrum of low 
molecular weight polystyrene with indane end groups (characteristic 
peak at 273 m~ ) built up. 
The speotrum with 308 and 420 mp peaks (yellow colour) 
appeared only at the end of the reaction sequence, when the indane 
end groups started to be formed. 
Results under b) agree with the ,independent and simultaneous 
11 findings by B,ywater and Worsfold. 
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3. 2. 6 Interaction of the saturated and unsaturated dimers 
of styrene with perchloric acid. 
3. 2 . 6 . 1 I-Methyl-3-phenylindane. The cyclic dimer was made to 
react in 10-5 to 10-3 M solution in CH2C1 2 with an excess (100 to 
500 fold) of HCI04 , and yielded ionic species exhibiting the same 
spectrum as styrene under similar conditions (308 and 420 m~ peaks). 
In a reaction performed at . ~.o, with 5 x 10-5 M cyclic dimer 
and 2 x 10-2 M HCI04 , it was possible to follow the increase of the 
420 m~ peak, starting 30 sec . after the mixing and up to the virtual 
completion of the reaction, in about 1 hr~ where the absorbance 
, 
reached the final value of 0 . 310, giving €420= 6,200. The absorbance 
increase gave a good second order plot up to at least 60% conversion 
(Fig . 15) . The second order rate constant computed on the basis of 
the ionic concentration deduced from 8 (Section 3. 2.3 . 1) was 
-1 - 1 126 lit . mole sec . 
In similar experiments , the cyclio dimer (6 . 9 x 10-5M) prepa-
red in-situ by interaotion of styrene with a small excess of HCl0
4 
( Sec . 3 . 2. 4) was subsequently treated with a 260 fold excess of 
HCI0
4 
(1 . 8 x 10-2M), at 20 , and the increase of the 308 m~ peak 
recorded . The absorbance increase gave again a second order plot 
up to at least 65% conversion, k2 (oomputed as above ) was 
-1 -1 (" , 
365lit . mole sec . andc.308=5,300. 
Fig . 15 {pag 8l} 
Kinetic analysis of the 420 m~ k incl' duri the 
interaction of l-methyl-3-phenylindane (5 x 10-5 ) with 
( -2 ) 0 HCl04 2 x 10 M at 2 • 
The seoond order plot implies au 1 ini 1 1 cono ntr tion. 
0.2 D 
420 
0.15 
o~ ____ ~ ____ ~ ____ ~ ____ ~ ____ ~ 
o 5 10 t' 15 ( . \ 20 25 Ime mm., 
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3.2.6.2 1,3-Diphenylbut-l-ene. Treated with a small excess 
of perchloric acid (1 to 10 fold) the unsaturated dimer cyclised 
quantitatively and the reaction stopped at the cyclic dimer. 
When treated with a large excess of acid, the unsaturated 
dimer gave the same spectrum as styrene or the cyclic dimer in 
the same conditions (308 and 420 m~ peaks, with D4201D308~2.5). 
In the cleanest runs, it was possible to see that the 
308 and 420 m~ peaks appeared only when the indane end groups 
started to be formed. 
The acid catalysed cyclisation of the unsaturated dimer 
of styrene has been investigated by Barton and Pepper. 22 
- B3 -
3. 2.7 Summary and discussion. 
The results describ~d in sections 3.2.1 to 3.2.6 can be 
s~arized as follows : 
a) Methylene dichloride solutions of styrene (VII), 
1,3-diphenylbut-l-ene (VIII), or I-methyl-3-phenylindane (IX) 
exhibit, after interaction with a large excess of anhydrous 
perchloric acid, the same u . v . spectrum, with absorption maxi-
ma at 30B and 420 m~ , D420/D30B being between 2 and 3. More-
over, these two peaks increase at very nearly the same rate. 
( C' ) The final apparent molar extinction coefficients ~ 
, 
and conductivities (I\M) are of same order of magnitude in all 
three systems (computed on the basis of dimer concentration), 
as shown in Table 5 by representative runs at 20 , with VII, 
VIII, and IX about 10-~ and HCI04 about 2 x 10-2M : 
Table 5 
VII VIII IX 
-3 ' 10 E. 420 ( -1 -1) lit . mole cm. 13.1 14 14. 9 
-3 ' 10 € 30B " " " 5. 2 5 . 4 5 . 7 
1\' M (Mhos 2 -1) cm. mole 51.5 52 49 
b) With styrene, both under " protonation" and under polymerisa-
tion conditions, the ionic species appear only after the 
formation of cyclic ( indane) end-groups . 
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As the formation of ions proceeds, the concentration of 
cyclic end groups decreases, to reach zero when the absorbance 
and conductivity have attained their maximum value (Fig. 14 B) . 
c) Absorbance and conductivity increase give second order plots, 
showing that the ionic species cannot be formed by direct 
protonation. 17 ,2l 
d) The second order rate constants are of similar magnitude in 
all three systems (308 m~ peak, 420 m~ peak, and conductivity 
increase), when expressed in ionic concentration (Sec. 3. 2.3.1). 
This indicates that the rate controlling step' is the ionisation 
of the cyclic dime~ and that therefore dimerisation and 
cyclisation are much faster . 
I conclude that the 308 and 420 m~ peaks cannot be attributed 
to the I-phenylethyl cation (or to any linear ol igostyryl oations). 
Every evidence shows moreover that these cations cannot be stable in 
any measurable amount in the systems studied here . 
The identity of the spectra of styrene or its cyclic dimer 
ionised by HCI04 , and of the cyclic dimer in H2S04 solution (Fig . 11) 
shows that in both cases the ionic species derive from the oyclic 
dimer, or from oligomers with cyclic end-groups . 
When styrene or its unsaturated dimer interact with concentra-
ted strong acids (such as H2S04 and HS03Cl) the resultingsolutions 
have spectra with a prominent peak at 315 m~ , and variable absorption 
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in the 430 m~ region (sections 3. 1 . 2 and 3. 1 . 3) . I have shown, in 
t °th t o ° t blO to 9- 11 agreemen w~ sugge s ~ons ~n recen pu ~ca ~ons , that only the 
low wavelength peak can be attributed to linear oligostyryl cations . 
11 Bywater and Worsfold demonstrated that when the medium, in which 
the spectrum derived from styrene was formed, is made less acidic 
by diluting the sulphuric acid to 1- 10% with trifluoroacetic acid, 
the final absorption is found to be similar to the spectrum obtained 
when styrene reacts with a high excess of perchloric acid in methylene 
dichloride solution (308 and 420 m~ peaks , with D420)D30S) ' 
It appears that in such weakly acidic systems, the linear 
oligostyryl cations cannot be stabilised, cyclisation occurs, and 
the cyclic end-groups are finally ionised. 
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3.3 Working hypotheses used in the identification of ions 
derived from styrene and from l-methyl-3-phenylindane. 
Having ascertained that the spectrum of styrene in weakly 
acidic solutions (absorption maxima at 308 and 420 m~ , with 
D420 ) D308 ) is due to ions formed from the indane end-groups 
formed as reaction intermediates, three important questions remained 
to be answered : 
a) Which are these ions ? 
b) Which is the mechanism leading to their formation? 
c) Which are the species responsible for the 430 m~ region 
absorption, found when styrene reacts with concentrated 
strong acids ? 
To answer the first two questions, the following reaction 
routes were considered, bearing in mind that the strong absorption 
above 400 m~ suggests the presence of oat ions of the diphenylmethyl 
type : 
A) Opening of the indane ring with protonation in one or more 
of four possible ways (Fig. 16 A) which would give the 
ions X to XIII : 
(X) 
(XI) 
(XII) 
(XIII) 
l,l-diphenyl-n-butyl 
, 
l-phenyl-l-(2 -ethylphenyl)ethyl 
phenyl- (2'-isopropylphenyl )methyl 
l-methyl-l,3-diphenylpropyl. 
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B) Hydride-ion abstraction from l-methyl-3-phenylindane 
to yield the 3-methyl-l-phenylindanyl cation (XIV), as 
shown in Fig. 16 B. 
A partial answer to the third question could be found in the 
fact that the protonation of the unsaturated oligomers of styrene 
is never quantitative, and even in the cleanest reaction some 
cyclisation occurs, with subsequent ionisation of the indane end-
groups following routes A and B. Variable proportions of cations 
lCOUld X to XIV explain, . possibly the drift of the absorption maximum 
anywhere from 415 to 450 m~ , from one run to the next . 
A further reaction path was considered, which was thought to 
involve interaction (in the simplest case ) between 1,3- dipheny1but-
l - ene , present as a transient species, and the 1,3- dipheny1- n- buty1 
cation, to form a tertiary cation of the tribenzy1 type , as shown 
in Fig. 17 . 
Before attempting to investigate experimentally the hypotheses 
discussed here , I considered that' it would be sensible to compare the 
behaviour of styrene and its dimers , with that of another apparent l y 
similar system , O(- methylstyrene and its dimers . The cyc1isation of 
the unsaturated dimer' of~-methylstyrene catalysed by HCl04 has " 
. t' t d22 d t already been ~nves ~ga e an was no considered any further here . 
(ft, 8~) 
Rea ction schemes fo~ ionisation of l-methyl-3-phenylindane 
A)RinS 
ope.ninE 
Fig. 16A 
B) H)ldride. 'Oh a.bstro..c.tio\l\. (r' n ) 
CH 3 CH3 
XIV 
Fig. 16 B, 
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3. 4 Interaction of o(-methylstyrene and related 
compounds with strong acids . 
3. 4 .1 Introduction. 
My aim was to investigate as thoroughly as possible the 
interaction of the following compounds with dilute and concentrated 
strong acids : ~-methylstyrene (XV), 2-phenylpropan-2-o1 (XVI), 
4_methyl-2,4-diphenylpent-l-ene (V), 2-phenyl-2-propyl acetate (XVII), 
and 1,1,3-trimethyl- 3- phenylindane (XVIII). 
The acids used were anhydrous perchloric acid in methylene 
dichloride solution, 98% sulphuric acid, chlorosulphonic acid and 
30% 803 in sulphuric acid. The experimental procedure was as descri-
bed for styrene (sections 3. 1 . 2 ). All reactions were carried out at 
00 and the spectra were measured at 2°, with 10-5 to 10-~ solutions . 
To facilitate the exposition of the experimental results, 
the same compound numbering as above will be used throughout the 
following sections. 
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3. 4. 2 Interaction with 98% sulphuric acid . 
Compounds XV, XVI, and V gave, when dissolved in 98% H2S04, 
the u.v. spectra shown in Fig . 18, with a major peak at 327 m~ 
(± 1 m~ ) and a shallow one at around 380 m~ • The apparent molar 
extinction coefficients (£ ' ) increased as follows: 
E;27 = 5,200 (XV), 7,200 (XVI) , 8,600 (V) . 
All s pectra were formed in less than 10 sec . after the mixing, and 
the absorption maxima decreased with a half-life of about 30 
min. (for 2 x 10-5M solutions ) at 20 . In order to obtain the full 
spectra at zero time, the original values of D at several wavelengths 
were derived by the zero time extrapolation of Gold and Tye . 23 
A few runs made with 100% H2S04 gave identical results . Variable 
absorption in the 270 m~ region showed that in all cases uncontrol-
lable amounts of polymer (with cyclic end-groups) were formed . 
The spectrum of the cations formed from XV and XVI showed 
exactly the same 327 m~ peak as protonated V ; the 380 m~ region 
peaks were not considered, being to shallow and wide to allow any 
accurate wavelength determination. 
Analysis of the products from recovery experiments,made at 
time intervals from 10 sec . to 1 hr. after the mixing, revealed 
mainly the presence of unsaturated and saturated dimers and oligo-
mers (g . l . c . and u . v . spectroscopy) . 1 to 5% of c(-methylstyrene 
was recovered from the H2S04 solutions of XV and XVI, when the 
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neutralisation was made 30 sec . after the mixing. 
The clear-cut conclusion is that in all cases the major ionic 
species formed are at least dimeric cations, together with variable 
amounts of polymeric cations. No more than 5% (if any) of monomeric 
2-phenylprop-2-yl cation was formed in these conditions, in agreement 
t bl o to 12,24 h ° th t thO ° d °dOt with recen pu 1ca 10ns s OW1ng a 1S 10n nee s an aC1 1 y 
level of 30% oleum to be stabilised. 
11 
"Note: Eywater and Worsfold report the following apparent 
molar extinction coefficients for solutions of compounds XV, XVI, and 
(lO-3M), £'327= 800; 
only (4 x lO-4M) in 
3afo oleum , E 327= 700. In all runs , the acid was added to the neat 
precursor; the mode of stirring is not indicated; spectra were 
scanned at room temperature . The low extinctio~ coefficients reported 
by these authors constitute a good illustration of the need to use 
low concentrations and fast dispersal techniques in order to 
increase the yield of carbonium ions (as discussed in Section 
2. 2. 8 . 3 of this thesis) ." 
Compound XVIII (cyclic dimer) did not react with H2S04" 
As the cyclic dimer of styrene reacts easily both with concentrated 
and dilute acids, it was sensible t o assume that the reactive 
diphenyl substituted carbon atom in the cyclic dimer is blocked by 
the extra methyl in compound XVIII, as suggested by Bywater and 
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Worsfold. ll I shall show below (Sec. 3.6.7.2) that the real rea son 
for the unreactivity of XVIII is the lack of hydrogen atoms on the 
diphenyl substituted carbon atom. 
Mixed with HS03Cl and 30% oleum, XVIII was sulphonated (as 
shown by recovery experiments) without any unambiguous formation of 
carbonium ions. 
I attempted to ionise in the same way I-methyl-l,3,3-triphenyl-
indane, the cyclic dimer of l,l-diphenylethylene, without any succes 
A surprising feature was revealed by the behaviour of 
2-phenyl-2-propyl acetate (XVII). When dissolved in 98% or 100% 
H
2
S0
4 
to form 10-5 to 10-4M solutions, this compound gave, by the 
time the first spectroscopic reading was made (15 to 30 sec. after 
the mixing)the spectrum shown in Fig. 18, with absorption maxima at 
324 and 380 ml-l • The apparent molar extinction coefficient of · these 
peaks "Tas the higher, the lower had been the initial concentration 
of XVIII and reached a ceiling value of £324=15,200 and £380=1,300 , 
as determined by the zero time extrapolation method,23 for 10-5M 
solutions. 
The intensity of the peaks decreased with a half-life of 
about 33 min. (2 x 10-5M solution at 20 ), and the 324 m~ peak 
drifted to 327 m~. The 3~0 m~ peak being very broad and shallow, 
no drift was observed with certainty. 
Fig. 17 (pag8?) 
Formation of a tribenzy1 type c tion by r ction of the 
1,3-dipheny1-n-butyl cation th 1 
Fi~. 18 (pag 89 and 91) 
D. v . spectra of the ionio s eci s f ormed by io olution in 
98% H2S04 Of l 
~-methylstyrene (XV), 1. 9 x 10-5 ~ 
2-phenylpropan-2-o1 (XVI), 2. 2 x 10-5{t 
4-methyl- 2 , 4-dipbenylpent-l- n (V), 2.45 x lO-5N~ 
2- phenyl-2- propyl acetate (XVII) 2.4 x 10-5M. 
Refer t o Section 3. 4. 2 for variation of the %tinotion 
coeffiCients . 
o 0.5 
0.4 
0.3 
0.1 
0.1 
~~ __ ~~~~~~L-~~~~~L--L~O 
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Fig.18 
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G.l.c. analysis of extracts after recovery showed the 
presence ofO(-methylstyrene in amounts inversely proportional to 
the time interval between the addition of XVII to H2S04, and the 
recovery by dilution into an excess of alkali. No accurate estimate 
of the amount of ~-methylstyrene recovered was possible, because of 
the very fast polymerisation of this olefin in regions of inter-
mediate acidity during the dilution process. 
Considering all the information given. above, there is fairly 
strong circumstancial evidence that the spectrum exhibited by 
compound XVII in 98-100% H2S04 belongs to the dimethylphenylcarbo-
nium ion. This assignment ' need not necessarily be at variance with 
the presently accepted view12 ,24 that the dimethylphenylcarbonium 
ion is not stable in 100% H2S04, considering that here the half-life 
of the ionic species is only of the order of 33 min., and the drift 
of the 324 m~ peak to 327 m~ showing that the monomeric cations 
dimerise and polymerise with the same 33 min. 
The dimethylphenylcarbonium ion cannot 
half-reacti,on time. 
quantitatively 
be formedi from the 
olefin or the corresponding carbinol, not only for reasons of 
intrinsic instability in H2S04, but also because polymerisation 
becomes highly competitive in regions of intermediate acidity, 
during the mixing step, when ions are in presence of excess olefin. 
My explanation of why it is possible to obtain almost quanti-
tatively the dimethylphenylcarbonium ion when XVII is mixed with 
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98-100% H2S04
, is based on the assumption of a very fast protonation 
of XVII to form an acylium ion,12,25 which then gives the tertiary 
carbonium ion, without any possible intermediate polymerisation, 
via an unimolecular heterolysis reaction of conventional type,17,25 
as shown below: 
CH3 I + 
Ph- C -O-C - CH I~I 3 >-
CH3 OH 
+ 
As said before, the yield of this protonation decreases with 
increasing oonoentration of XVII: nearly 100% with lO-5M, about 20% 
with 10-4M, and about 1% with 5 x lO-2M• 
A logioal extension of the protonation of XVII was to 
investigate in similar conditions the behaviour of I-phenylethyl 
aoetate, with the heretioal hope of obtaining some l-phenylethyl 
oations. This was attempted, unsuccessfully, as described in Sec. 3.5. 
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3.4.3 Interaction with a large excess of HCIO~ 
All compounds were made to react as 10-5 to 10-4M solutions 
with generally hundredfold excess of anhydrous HC104, in CH2C12,and 
in semi-open or in vacuum systems. Only spectroscopic measurements 
were made. 
When ~-methylBtyrene is made to react with a large excess 
(hundredfold) of HC104 , fast dimerisation occurs, followed by a 
slower cyclisation to 1,1,3-trimethyl-3-phenylindane. The latter 
remains unaltered, as opposed to I-methyl-3-phenylindane which is 
ionised in similar conditions (Sec. 3.2.6.1). 
Treated the same way, 2-phenylpropan-2-ol is very rapidly 
dehydrated to~-methylstyrene, and subsequently dimerises and 
cyclises. 
Pure unsaturated dimer, treated with any amount of HC10
4
, 
22 
cyclises, as described by Barton and Pepper. 
Pure cyclic dimer remains perfectly stable even in presence 
of 1 M HCI04 (1 0% in CH2C12 ). 
2-Phenyl-2-propyl acetate treated with 200 fold excess of 
HC10
4 
yielded the cyclic dimer.(One single run). 
No kinetic : data are available for the experiments 
described above, as only qualitative in:formation was sought .• 
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3.4.4 Discussion. 
Two interesting features were revealed by the investigation 
of «-methylstyrene and related compounds: 
a) The ~-methylBtyrene cyclic dimer is not ionised by HC104 
or by 100% H2S04 , oonfirming that the ionisation of 
l-methyl-3-phenylindane must depend on the presence of a 
hydrogen atom on the diphenyl substituted carbon atom. 
b) The 2-phenylprop-2-yl oat ion oan be formed in 98-100% H2S04 
as a fairly stable species (half-life 33 min. at 20 for 
2 x 10-5M solutions), when an indirect method is used in 
conjunotion with conventional rapid dispersal teohniques14 
at low concentration and temperature . 
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3.5 Interaction of l-phenylethyl acetate, ethyl benzoate, 
fJ-methylstyrene, 2,6-dimethylstyrene and pentafluoro-
styrene with 98-1°0% sulphuric acid. 
3.5.1 Introduction. 
l-Phenylethyl acetate and ethyl benzoate were considered in 
relation to the investigation of the 2-phenyl-2-propyl acetate 
system (Sec. 3.4.2). 
Pentaf1uorostyrene, ~-methylstyrene and 2,6-dimethylstyrene 
were studied with the hope of obtaining information which would shed 
light on the behaviour of styrene. 
All o reactions were performed at ° and the spectra were 
t 20. scanned a 
3.5. 2 l-Phenylethyl acetate and ethyl benzoate. 
were AcOH solutions of l-phenylethyl acetate, 10-4 to 10-3M, 
diluted to 10-4 - 10-5M in 100% H2S04• The clean u.v. spectrum 
exhibited a peak at 262 m~ which reached its maximum (£;62=10,400) 
in about 10 min., with 5 x lO-5M acetate, and remained stable for days. 
The relatively slow growth of the absorption (as compared to 
2_phenyl-2-propyl acetate, with which the reaction is completed in 
less than 15 sec.) suggested that the spectrum was not due to directly 
formed ionic species . Recovery experiments did not reveal the forma-
tion of any l-phenylethyl or related oligomeric cations. 
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Increasing the initial or final concentration of the acetate led to 
formation of the carbinol and then the same reaction pattern as 
with styrene. 
In an attempt to identify the species responsible for the 
262 m~ absorption, and bearing in mind that aryl acyl cations absorb 
strongly in this region,12 I protonated in identical conditions 
ethyl benzoate, whioh gave exactly the same 262 m~ peak, but with 
an extinction coefficient twice as high: 20,600, belonging to the 
benzoyl cation12 Ph-t=o (phenyloxocarbonium ion). Benzyl benzoate 
behaved in the same way, whilst ethyl and benzyl acetate did not show 
any ionic u.v. absorption in the region investigated (200 - 500 m~ ). 
I did not investiga~e ' any further the I-phenylethyl acetate/H2so4 
system or look for any evidence establishing with certainty the 
identity of the species responsible for the 262 m~ absorption . 
Considering that the £ of this peak is one-half of the€of the pure 
benzoyl cation, and excluding a sheer coinoidence, a bimolecular 
rearrangement mechanism with formation of 50% carbonium ions could 
be suggested. Similar carbonium ion rearrangement reactions with 
alkyl and aryl migration are well known and reviewed. 26 
3.5.3 Pentafluorostyrene , #-methylstyrene, and 2,6-dimethYlstyrene. 
A dilute solution of pentafluorostyrene (10-5 - 10-4M) in 
H SO exhibited a single u.v. peak at 266 m~, shifting slowly (4 days) 
2 4 
to 257 mp , with the apparent molar extinction coefficient growing 
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from 2 x 103 to 2.5 x 104 • The very slow increase of the absorbance 
showed that there was no direct protonation and therefore this 
compound was not investigated any further. 
Propenylbenzene (~-methylstyrene) dissolved in 98% R2S04 to 
form 10-~ solutions exhibited a speotrum with two major absorption 
peaks, at 416 and 310 mp. Extensive polymerisation prevented any 
estimation of the extinction coefficients. This spectrum being simi-
lar to the spectrum exhibited by ionised l-methyl-3-phenylindane, the 
following reaction mechanism leading to the formation of ionic species 
seems plausible : propenylbenzene dimerises to 2-methyl-I,3-diphenyl-
pent-I-ene, which cyclises to form l-ethyl-2-methyl-3-phenylindane. 
The latter compound having a reactive hydrogen on the diphenyl 
substituted carbon is thenionised in the same way as I-methyl-3-
phenylindane. 
The dimerisation and cyclisation of propenyl benzene have been 
. 27 28 investigated by van der Zanden and R1X, by Erdmann, and by 
MUller and Kormendy.29 However, these authors did not consider the 
ionisation reaction. 
2,6-Dimethylstyrene (10-~) polymerised extensively in R2S04 
and no clean u.v. spectra were obtainable. When treated with hundred-
fold excess of HCI04 in CH2C12 , this compound (lO-4M) exhibited an 
absorption with a broad peak at . 350 m~ reaching in 15 hr. an extinc-
tion coefficient of 104 • The very slow increase of absorption made 
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it seem likely that this wa s not due to direct protonation, a nd 
therefore the identification of the species responsible for this 
spectrum was not attempted. 
3.5.4 Conclusion. 
Although little useful information was gained from the expe-
riments discussed in sections 3.5 , one finding deserves some 
attention : 
Propenylbenzene solutions in H2S04 give very nearly the same 
spectrum as l-methyl-3- phenylindane in the same conditions. Conside-
ring that none of the following compounds: pentafluorostyrene, 
2,6-dimethylstyrene, and 1,1,3-trimethyl-3-phenylindane ( Sec . 3. 4.2 ) 
give any immediately formed ionic species stable in conc . H2S04
, it 
becomes clear that the only stable cations obtained easily from 
styrene and related compounds are those which derive from the ionisa-
tion of the cyclic end-groups formed as reaction intermediates . This 
ionisation is made possible only by the presence of a reactive 
hydrogen on the diphenyl substituted carbon. 
The cyclic dimer of «-methylstyrene cannot ionise for lack 
of reactive hydrogen. Pentafluorostyrene and 2 ,6-dimethylstyrene 
cannot give any indane end- groups , and hence no ionisation by this 
route is possible . 
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3.6 U.v. s pectra of carbonium ions derivable from 
I-methyl-3-phenylindane and styrene. 
3 .6. 1 Introduction. 
The reasons for investigating the ions derivable from the 
cyclic dimer of styrene have been discussed in Section 3. 3. 
I have already shown in the appropriate sections of this 
thesis (under 3. 1 and 3. 2) that l-methyl- 3-phenylindane , as well 
as styrene, give clean reactions with excess of strong acids only 
at the highest dilutions . This makes impracticable straightforward 
identification methods, such as n . m.r. spectroscopy of the carbonium 
ions, and unreliable any conventional structural analysis of products 
recovered after killing the ions . 
One must bear in mind too , that recovery experiments with such 
low concentrations (order of 10~5M) of higly reactive species must 
introduce a further uncertainty, due to destruction and rearrangement 
reactions in media of intermediate acidity during the dilution 
(killing) in excess alkali . 14 , 30 
The only identification route left was t o s,ynthesise compounds 
corresponding to structures logically derivable from the compounds 
investigated, and to compare the u.v. spectra of their carbonium ions 
with the spectra of the unknown. 
I prepared accordingly the compounds XIXto XXIII, shown in 
Table 6 , next page: 
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Table 6 
( XIx) l, 1-diphenyl but-l-ene 
(xx) 1_phenyl-l-(2 t -ethylphenyl)ethanol 
CH,3 
o-{ <) 
Et OH 
(XXI) phenyl-(2 t -ethylphenyl)methanol 
H Q-i-O 
Et OH 
(XXII) 1,3-diphenylbutan-3-ol 
CH:, 
(XXIII) l-methyl-3-phenylindene 
Compound XXI was synthesised in plaoe of Phenyl-(2 ' -isopropyl-
phenyl)methanol, for reasons of starting material availability. 
Theoretical and experimental evidenoe shows that the u.v. spectra 
of carbonium ions derived from the last two compounds must be very 
similar (Section 3.7.3 b) . 
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3. 6 .2 Protonations . 
Compounds XI~ XX, XXI, and XXIII were protonated at 00 in 
98% H2S04
, and the u.v. spectra of the 10-5M solutions were scanned 
at 20. Compound XXII which gave polymers with H2S04, was protonated 
in HS0
3
Cl, with partial polymerisation, and then diluted with H2S04. 
The u.v. and visible spectra of the carbonium ions formed 
from these compounds are shown in Fig. 19, along the extinction 
coefficients observed. 
In all instances the protonations were completed by the time 
many 
the first spectrometric reading was made (within about 15 sec.), 
the spectra of the products remained stable at 00 from hours to 
days, for 10-5}.1: solutions. 
and 
N.m.r. speotra made with 5 to 10% solutions in 98% H2S04 of 
all compounds(except XXII) confirmed the expected structures, shown 
in Fig. 16 A and B. These concentrated oarbonium ion solutions 
. 0 
remained stable, when kept at ° , for many weeks with lXX, XX, and 
XXI, and for many months with XXIII . Further details on the n.m.r. 
spectra of these ions , along with those of other ions, will be given 
later on in this thesis (sections 3.1.4). Attempts to prot onate XXII 
in concentrations useful for n.m.r. spectrosoopy (1 to 10%) yielded 
extensive polymerisation and sulphonation. 
The expeoted precursors were recovered by dilution of the 
10% (by weight) aoid solutions into excess cold alkali (Sec. 2.2.9). 
Fig. 19 (N 102) 
U. v . spectra of oations X (a) XI (b) XXVI (0) XIII (d ), 
and XIV (e) , formed by dissolution of proo reors XIX, XX , 
XXI , XXII , and XXIII in 981 H2S04 at 0°. 
The spectra were soanned at 20 with 10-5 solutions. 
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It is worth stressing that with protonated XX the recovered 
precursor was the corresponding olefin, I - phenyl-l- (2 '-ethylphenyl)-
ethylene . This behaviour is by no means an anomaly. When any carbo-
nium ion derived from a carbinol is killed with aqueous alkali , the 
olefin obtainable by normal dehydration of the carbinol is recovered . 
Thus, the l,l-diphenylethyl cation regenerates 1,1-diphenylethYlene. 23 
As the carbonium ion derived from XXII was not identifiable 
by n . m. r . spectroscopy , the extracts after killing were analysed by 
g . l . c . ; a single peak was detected, corresponding t o the expected 
precursor, 1,3-diphenylbut- 2- ene . Thus, there is very little doubt 
that the protonation of XXII (or of the corresponding olefin) in 
HS0
3
Cl - 98% H2S04, and with dilute solutions , yields the I-methyl-
1,3- diphenylpropyl cation. The maximum absorption at 311 mp, and the 
magnitude of the extinction coefficient (104) confirmed further that 
12 the ion is of the monoarylalkyl type , and that few polymeric ions 
are formed . 
The I-methyl-l,3-diphenylpropyl oation was however rather 
short lived, and in a matter of one or two days its u . v . spectrum 
changed completely, with d~creaBe of the 311 m~ peak, and formation 
of a new peak at around 420 m~ . The new spectrum was fairly similar 
to the spectrum of the 3-methyl-l- phenylindanyl cation (as shown in 
Fig. 20) suggesting possibly rearrangement , oxidation and ~yclisation 
reactions leading to the latter ion. 
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As stated before (Sec. 3.1.2.2), the 315 mp peak of the 
1,3-diphenyl-n-butyl cation slowly drifts to about 310 mp • This 
could now be accounted for (tentatively) ,by a rearrangement, via an 
internal 1 - 3 hydride ion shift, to the more stable tertiary 
l_methyl-l,3-diphenylpropyl cation (XIII). 
As I wanted to obtain more information about the behaviour 
of XIII, I attempted to protonate 1,2-diphenylpropan-2-o1 in 98 and 
100% H2S04 or HS03Cl , withoonoontrations ranging from lM down to 
lO-5M• My aim was to obtain the corresponding 1,2-diphenylprop-2-yl 
cation , whioh should exhibit a u.v. spectrum . resembling that 
of XIII, both cations having a similar structure, as shown below: 
c~ 
l_methyl-l,3-diphenylpropyl 
oation (XIII) 
l,2-diphenylprop-2-yl cation 
No direct protonation of 1,2-diphenylpropan-2-ol was observed 
however. On mixing lO-~ carbinol in AcOH (1 ml.) with 98% H2S04 (9ml.) 
to form a 10-5M solution, an intense yellow oolour appeared forabout 
1 sec. and then disappeared again. The solution remained colourless 
for about 10 sec., then slowly (minutes) became pink and then pale 
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red, and the spectrum exhibited a peak at 544 m~ , with an apparent 
extinction coefficient of 3,000. Absorption at 266 and 212 m~ showed 
formation of oligomers with cyclic end-groups . The reaction pattern 
appears to be dehydration of the carbinol to methylstilbene (cis and 
trans 1,2-diphenylprop-l- ene) with subsequent oligomerisation and 
cyclisation. A similar reaction pattern was observed by Brackman and 
Plesch3l in the polymerisation of trans-stilbene in hexane-benzene 
mixtures, catalysed by TiC14- CC1 3COOH. 
Another carbonium ion showing an interesting behaviour is the 
l , l-diphenyl-n-butyl cation. Although the 10% solution of the latter 
o - 5 in 98% H2S04 remained stable for many weeks at 0 , its 10 M solu-
tions in 100% H2S04 appeared t o be completely altered within a few 
days . The final u . v . spectrum was similar t o the 3- methyl- l - phenyl-
indanyl spectrum, as shown in Fig. 21. A tentative interpretation of 
this modification will be given in the discussion section (3 . 6 . 1 . 3) . 
Fig . 20 (png 103) 
Spectrum produo d by 1 3-diph nylbu n- -01 in mixture 
r 15 min. 
(ful l curve) and after 7 days (d oh d curv ) . 
Fig . 21(pag 105) 
Speotrum produoed by l , I - diphenyl bu n -Un 100% H2SO 4' 
aft er 15 min. (daBhed ourve) and aft r 48 hr. (full ourve) . 
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3.6.3 Identification of the cation obtained 
by ionisation of I-methyl-3-phenylindane. 
The spectra exhibited by I-methyl-3-phenylindane and 
compounds IXX - XXIII in 98% H2S04 are compared in Fig. 22 and 23. 
It appears immediately that two spectra are nearly identical; 
they belong to ionised I-methyl-3-phenylindane (IX) and to the 
3_methyl-l-phenylindanyl cation (XIV), and exhibit exactly the same 
maxima, and 304 and 415 m~, and a shoulder at 291 m~. The only 
minor difference noticeable is an extra shoulder at 315 m~ with 
ionised IX. I will show later on that this difference not only does 
not contradict the identity assignment, but supplies a fundamental 
clue regarding the ionisation mechanism of IX (Section 3.6.7.2). 
In order to investigate further the similarity of these 
spectra, I protonated XXIII (10-5M) with 10-3M anhydrous HCI04 in 
CH
2
C1 2 , at 0
0
, under high vacuum conditions, and measured simulta-
neously the spectrum and the conductivity, at 20. As shown in Fig. 24, 
the whole spectrum was shifted bathochromically to 308 and 421 m~, 
as predictable in a solvent of lower acidity and dielectric 
constant,32 the molar e'xtinotion coefficient however remained 
unaffected: £308 =12,000, € 421 = 35,000. 
The molar conductivity I\M at 20 was 137 Mhos cm.2mo1e-~ 
The very fast protonation was completed even at the highest 
-6 -3) dilution (6 x 10 M olefin and 10 M HC104 in less than 30 sec. 
Qualitative oompa~i on of th c r in 
produced by compounds IX XIX XX XXI 
Fig. 23 (P!fi 1(6) 
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compounds IX and XXIII ; tb latt r 00 pound iv the 
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The complete ionisation of the cyclic dimer in similar conditions 
required about 1 hr., and the final apparent molar extinction coef-
ficients and conductivity were: c308=5,300 ; 8420=15,000; 
/\=49 52 Mhos cm. 2mole:-l (Sections 3.2 ). 
The spectra of I-methyl-3-phenylindane and I-methyl-3-phenyl-
indene ionised by HCI04 in CH2C12 are compared in Fig. 24. The 
identity is here complete, no 315 m~ shoulder being present in the 
spectrum of IX. 
I have shown before (sections 3.2 ) that styrene, its unsatu-
rated dimer and its cyolic dimer give the same spectrum with large 
excess of HCI0
4 
in CH2C12 , the latter compound (or oligomers with 
cyclio end-groups) being in all instances the final speoies ionised. 
This has been confirmed independently by B,ywater and Worsfold. ll 
The clear-out conolusion resulting from my work is that the 
ions formed (almost exclusively) from styrene and perohlorio acid 
under the oleanest oonditions, as described in previous sections 
(low temperature, lowest concentrations) is the 3-methyl-l-phenyl-
indanyl cation. The fact than when tha latter is formed from the pure 
cyclic dimer the £ and AM have about one half of the values obtained 
when the ion is formed from I-methyl-3-phenylindene, indicates a 
mechanism involving formation of 50% ions and 50% of neutral 
oompound (Sec. 3.6.7.2). It is also now apparent that the different 
values of Amax and£ obtained by various investigators who used less 
rigorous experimental conditions ( see Table 2 of Ref. 1) must have 
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been due to variable quantities of one or more of the ions derivable 
by ring opening having been formed along with the 3-methyl-l-phenyl-
indanyl cation . (XIV). 
Four precursors yielded quantitatively XIV in 98% H2S04: 
I_methyl-3-phenylindene, I-methyl-3-phenylindan-3-ol, 
1,1-diphenylbuta-l,3-diene', 1,1-diphenylbut-3-ene-l-ol, and exactly 
the same spectrum, qualitatively and quantitatively, was obta ined 
from all four compounds. The protonation of the first two compounds 
to give the indanyl cation was structurally and theoretically 
predictable: a diaryl substituted unsaturated carbon can be expected 
to form easily the corresponding diarylcarbonium ion, particularly 
when no steric factors prevent formation of the planar trigonal 
carbonium ion. 
What may appear fairly puzzling on the other hand is the 
formation of the indanyl cation from the last two compounds (the 
butadiene and the butenol), which are by no means direct precursors. 
I will disquss this particular feature in Section 3.6.7.3. 
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Formation of the l-phenylindanyl cation. 
Using the same technique as in Section 3.6.2, I protonated 
3-phenylindene in 98% H2S04, with concentrations r anging from 10-5M 
to lM. In all instances the l-phenylindanyl cation was formed quanti-
tatively, as established by u . v . and n . m.r. spectroscopy, and 
instantaneously (or at least within 15 sec., time of the first 
spectroscopic reading). Once formed, this cation appeared to be 
o 
stable for many months at 0 , and at any concentration. 
The u . v . spectrum exhibited two peaks, at 302 m~ (8=13,000) 
and 412 mp CE = 37 ,000), and a shoulder at 290 mf-l (t: = 7,500) . Apart 
from the slight hypsochromic shift and increase of the extinction 
ooefficient s , the spectra of this cation and of the 3-methyl substi-
tuted cation XIV are identical (Fig. 25). 
The n . m. r . spectrum is shown and discussed in the appropriate 
section of this thesis (3.7.4.2). 
The only reference to this cation found in the literature is 
33 ~tudied 
in a publication by Deno et al . wholdiarylolefin-diarylalkyl cation 
equilibria in sulphuric acid, and only mention the long wavelength 
peak of the I-phenylindanyl cation at 418 m~,in 97% H2S04 , with 
lOglOt::4.32 (20,900). As these authors did not study the n . m.r. 
spectrum of the cation, there is no certainty whether they obtained 
the monomeric or the dimeric cation. The much lower value of €in their 
case , actually one half my value, suggests that they observed the 
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dimeric cation; this should account also for the higher wavelength, 
418 mp instead of 412 mp, although the latter minor difference could 
be well within the range of experimental error (the spectrometer I 
used was carefully calibrated, both in wavelength and in absorbance, 
as described in Section 2. 2 . 1.1) . Another possible, and more probable, 
explanation for the lower extinction coefficient could lie in a non 
quantitative protonation, accompanied by oligomerisation, yielding 
eventually a mixture of monomeric and oligomeric cations. 
Although it is Prof . Deno ' s group which recommended for the 
first time,14 in 196), the use of appropriate fast dispersal techni-
ques for better yield of carbonium ions in protonations, it is not 
clearly stated that such techniques were used in the work di"scussed 
above, published in 1959. 
These authors also report)) the l-phenyl-3,4-dihydronaphthyl 
cation (very similar to the I-phenylindanyl cation ) whose spectrum 
has a maj or peak at 420 m!J with € = 21,400. 
As I was able to prepare 3-phenylindene before l-methyl-3-
phenylindene, for reasons of availability of starting materials 
(Sec. 2 . 1 . 4.12), the study of the l-phenylindanyl cation supplied me 
with the first serious clue showing that I was on the right way in 
the identification of the ions observed when styrene interacts with 
dilute acids . I stress the plural, ions, for the obvious reason that 
even in the best oonditions styrene yields a mixture of monomeric and 
polymerio indanyl cations . 
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3. 6 . 5 Ions possibly contributing to the 430 m~ region absorption 
of styrene ionised in concentrated strong acids. 
I have shown (sections 3. 1 . 2) that the interaction of styrene 
with concentrated H2S04 yields the 1,3-diphenyl- n-butyl cation 
(accompanied by variable amounts of homologous polymeric ions) 
exhibiting only one major peak, at 315 m~ . I demonstrated also that 
the erratic absorption appearing at around 430 m~, and growing in 
importance as the experimental conditions became less rigorous, could 
not be attributed to linear polystyryl cations (monoarylalkylcarbo-
nium ions) . The only plausible hypothesis was that the latter absor-
ption could belong to diarylcarbonium ions formed by extensive oligo-
merisation and rearrangement reactions . 
The preparation and characterisation of the five cations 
X to XIV (Fig . 16 A and E, and Sec . 3. 6 . 2) derivable from I-methyl-
3_phenylindane made available the experimental evidence substantia-
ting this hypothesis . The l-methyl-I , 3-diphenylpropyl cation (XIII) 
being ruled out (monoarylalkylcarbonium ion, hence no important 
absorption above 400 m~ ) , all the four remaining carbonium ions 
exhibit strong absorption in the 415 7 447 m~ region. Comparison of 
the spectra of these cations with the high wavel ength absorption of 
styrene ionised in different conditions (Fig . 26 ) shows that all four 
cations (or their higher homologues ) can be present in variable 
amounts, accounting thus for the wide fluctuations of position and 
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intensity of the latter absorption from one experiment to the next. 
Shoulders corresponding to the absorption of these ions in the 
315 m~ region further support this, and the final clue 
comes from the variable presenoe of their precursors in the recovery 
products (Section 3.1.2. 3). 
Fig. 26 (ag 111) 
Qualitative oompari on of dif hown by styrene 
dissolved in 98% H2S04 of c tions X, XI, 
XIII , XIV , and XXVI. id ntly 11 c ons oould 
contribute, as Bug est d by th 
and 16B. 
act on soh m in Fig. 16A 
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3.6.6 Interaction of tribenzylcarbinol with H2S04 and HC104• 
The reasons for protonating this compound have already been 
discussed in Section 3.3. 
10-4M solutions of tribenzylmethanol in conc. H2S04 exhibited 
a single shallow and broad peak at around 440-450 m~, and another 
smaller one at around 320 m~. The extremely low extinction coeffi-
cients (900 for the former and 150 for the latter) showed that not 
more than a few per cent, if any, of the original carbinol can have 
been ionised, via polymerisation and rearrangement react~ons leading 
to species very different from the expected tribenzylcarbonium ion. 
When 10-4M tribenzylmethanol was made to react with at least 
a hundredfold excess of anhydrous perchloric acid in methylene 
dichloride, the resulting solution exhibited a slowly growing spectrum 
with peaks at 340, 425, and 504 m~, with extinction coefficients of 
6,800, 8,000, and 9,200 respectively, 20 min. after the mixing of the 
reagents. After this, the 504 m~ peak continued to grow, whilst the 
340 and 425 m~ peaks started decreasing to one half their value. 
The final extinction coefficient of the 504 m~ peak, aft~r about 
one hour was 104• 
Oons~4ering the slow increase of the absorbance, and the 
comparatively low extinction coefficients reached, it was evident 
that the species under observation could not have been formed by 
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direct protonation. Hence, some products other than the tribenzyl-
carbonium ion were formed. Moreover, the latter cannot be expected 
to absorb at such high wavelengths, where only highly conjugated 
polyarylalkyl ions absorb. 
A tentative mechanism leading to similar ions, in presence 
of strong acids in large excess, should be the following: 
Tribenzylmethanol dehydrates34 to the corresponding olefin, 
2-benzyl-l,3-diphenylprop-l-ene, which could cyclise to 2-benzyl-
I_phenylindane via the secondary 2-benzyl-l,3-diphenylpropyl cation, 
itself deriving, by a 1-2 hydride ion shift, : from the tertiary 
tribenzylmethyl cation formed by direct protonation of the olefin, 
as shown in Fig. 27. The formation of a secondary (anti -Markownikow) 
ion from a tertiary ion . is . made possible by the stabilisation 
gained by oonjugation with the phenyl ring. Olah and Pittman63 
(and Ref. 24, p. 342) have similarly obtained the secondary (but 
phenyl oonjugated) phenylisopropylmethyl cation by ionisation of 
the tertiary benzyldimethylcarbinol, followed by 1-2 hydride ion 
shift. 
2_Benzyl-l-phenylindane should behave in the same way as the 
cyclio dimer of styrene, and yield diarylalkyl cations by ring 
opening or hydride ion abstraotion. The same mechanism should apply to 
oligomers with oyclic end-groups . 
One oannot completely rule out the possibility that similar 
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ions formed from distyryl cation and unsaturated dimer, via 
tetramerisation, cyclisation, and ionisation, contribute to some 
extent to the final ionic population in solutions derived from 
styrene (Fig. 17). 
Fig . 21 (pt! 114) 
Cyclisation meohanism of the 01 d Y d hydr tion 
of tribenzylm thanol : 
(a) 2-benzyl-l,3- iphenylpro 1- n i ro on t d to the 
tribenzylmothy1 0 tion ; 
(b) th latter ieom riG to th 
kOw) 2-benzyl-l 3-dlph 
hydride ion shift ; th 
oon (nti- rkowni-
1 0 ion, by 1-2 
of h cond ry cation 
from the tertiary cation is by th Btabi-
liBation ained by conj tion i h h h nyl ring, 
(c) cyolisation to 2-b nzyl- l - h nylin n (in th B me way 
aB the l,3-diphenyl-n-butyl 0 tion iv s l-m thyl-3-
phenylindane) . 
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3.6.7 Discussion. 
3.6.7.1 Summary. I have established that the u.v. spectrum 
exhibited when styrene interacts with dilute strong acids, and 
attributed to the I-phenylethyl cation and its higher homologues, 
is due to the 3-methyl-l-phenylindanyl cation and its homologues 
(3_ar,ylalkyl-l-phenylindanyl cations). 
Moreover, the variable absorption at around 430 m~ exhibited 
by styrene solutions in concentrated strong acids is due not to 
polystyryl oations, but to diarylalkyl oations formed most probably 
by ring opening and ionisation of the indane end-groups. 
This is the plain experimental evidence. Considering however 
the great variety and, sometimes, oomplexity of the experimental 
results described in the previous few seotions, a more detailed 
discussion is now required. 
3. 6 .7. 2 Ionisation mechanism of l-methyl-3-phenylindane (IX). When 
the 3_methyl-l-phenylindanyl cation is formed from IX, the molar 
extinction coefficients and the molar oonductivity are about one 
half their values when the oation is formed from the direct precur-
sor, l_methyl-3-phenylindene. Moreover, a qualitative comparison of 
the speotra in concentrated H2S04 reveals a minor difference, which 
is the presence of an extra shoulder at 315 mf..l , exhibited only when 
the precursor has been t he saturated dimer f ·(I~). 
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I have already shown (sections 3.1.2 to 3.1 .4) that the 
only ion derivable from styrene or its oligomers and exhibiting a 
peak at 315 m~ is the 1,3-diphenyl-n-butyl cation. If one assumes 
that this is the ion responsible for the 315 m~ shoulder, the ioni-
sation mechanism of IX can tentativelY be established as follows: 
a) In presence of an exoess of strong acid, IX is slightly 
ionised to the l,3-diphenyl-n-butyl cation (XXIV), and an 
equilibrium heavily shifted towards IX is established. This 
ionisation by ring opening should not be surprising, conside-
ring that the indane ring is formed by the reverse reaction. 
b) As soon as formed, XXIV abstracts a hydride ion from the No 3 
carbon of IX, to generate the more stable 3-methyl-l-phenyl-
indanyl cation (XIV), and is reduced itself to 1,3-diphenyl-
n-butane (XXV). 
c) The disappearance of XXIV shifts the equilibrium towards more 
ionisation of IX to XXIV, with a subsequent new hydride ion 
abstraotion step. 
d) At the end of the reaction equal quantities of XIV and XXV 
have been formed, no more IX is left to reduoe XXIV, and this 
remains in small amounts, as at'tested by the 315 m~ shoulder, 
in H2S04 solutions. 
Obviously, all reactions described above proceed simultane-
ously, although following different rates, and no separate steps 
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are discernable. Moreover, as the rates of the ring-opening and 
hydride transfer are unknown, the rate controlling reaction cannot 
be determined. 
Many similar hydride transfer reaotions described in recent 
reviews35- 37 favour the meohanism suggested above. 
In HCI0
4 
solution, no olearly apparent shoulder is observed 
at 315 m~ • This shows that the 1,3-diphenyl-n-butyl oation is 
stabilised appreoiably only in strong oonoentrated aoids. 
3. 6. 7 . 3 stability of indanyl cations. Olah and Pittman pointed out 
in a very recent review24 the outstanding sta?ility of alkylindanyl 
cations, as compared to similar monoarylalkyl oations. Thus, the 
l_methylindanyl oation is perfeotly stable in 85-100% R2S04• The 
electronically very similar dimethylphe,nylcarbonium ion requires at 
least 30% oleum, or even more drastio solvents suoh as S02-SbF5-
FS0
3
H, to be stabilised at low temperature . 
These authors suggest that the stability of indanyl cations can be 
partlY attributed to the inherent planari~y locked in the system, 
favouring a maximum r,overlap of the p-orbital of the carbonium 
carbon with the ring orbitals . Thus, the l-methyltetrahydronaphthyl 
cation, which must be strained in order to achieve 1200 bond angles 
at planarity, is definitely less stable and requires higher a cidity 
to be generated . 
The unsuocessful attempts to protonate indene (this work and 
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Olah et al. 24 ,38 ) to monomeric ions emphasizes the stabilising 
effect of electron donating substituents at ' the ionic carbon. 
It now becomes olear why the 3-methyl-l-phenylindanyl cation 
appears to be suoh an ubiquitous entity. Its very high stability 
(diphenylcarbonium ion with locked in planarity) will favour its 
formation even via the most twisted paths, to the great bewilderment 
of the investigator. For instance, as shown before (Section .3.6.2), 
the u.v. spectra of the l-methyl-l,3-diphenylpropyl and l,l-diphenyl-
n-butyl oat ions in lO-5M H2S04 solutions change slowly to become 
nearly identical to the spectrum of the 3-methyl-l-phenylindanyl 
cation. I cannot for the moment suggest any simple mechanism leading 
to the cyclisation of XIII . As far as the cyclisation of the 
l,l_diphenyl-n-butyl cation is concerned, it requires the action 
of an oxidising agent (two hydrogen atoms to be remouved) and 
proceeds only in 100% H2S04, in which traces of S03 are always 
present, but not in 98% H2S04• The tentative cyclisation mechanism 
of the latter cation, reduoed to its simplest expression, is shown 
in Fig. 28 . 
Considering the oxidative cyclisation of the l,l-diphenyl-
n_butyl cation to the 3-methyl-l-phenylindanyl cation, I thought it 
worth while to investigate the behaviour of a compound in which an 
already present unsaturation would favour particularly the cyolisa-
tion, that is 1,1-diphenylbuta-l,3-diene, and the oorresponding 
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carbinol 1,1-diphenylbut-3-ene-l-ol . 
The dissolution of these two compounds in 98% H2S04 yielded 
quantitatively the 3-methyl-l-phenylindanyl cation (XIV), a s already 
stated in Sec. 3.6.3. A more detailed investigation of the interaction 
with increasing concentrations of aqueous sulphuric acid revealed 
the following sequence of r eactions, leading finally to the indanyl 
o 0 
cation XIV (at temperatures between 0 and 25, all acid concen-
trations expressed in weight %, . and with very vigorous stirring): 
a) 50-6~% H2S04 , the oarbinol is quantitatively dehydrated to 
the diolefin, l,l-diphenylbuta-l,3-diene . 
b) 1~ H2S04 , very slow oyolisation (about one week to reaoh 
8o%oonversion) to l-methyl-3-phenylindene (XXIII), temp. 25° . 
c ) 15~ H2S04 , nearly quantitative oyolisation to the indene 
XXIII, within 48 hr. at 250 , if the temperature is raised to 
45 0 , formation of minor quantities of ;!.-phenyl-3',4-dihydro-
naphthalene is observed. 
d ) e~ H2S04 , increased formation of dihydronaphtha1ene and 
probably some dimerisation of XXIII (n.m.r. spectrum) . 
e ) 85-100% H2S04 , formation of the indanyl oation XIV; in 98% 
acid, the latter is formed quantitatively. (at 00 ) . 
It is accordingly established that in regions of intermediate 
acidity both preoursors give l-methyl-3-phenylindene, whioh oan be 
isolated in nearly quantitative yield. 
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These cyclisation reactions could provide a general route 
to substituted indenes and dihydronaphthalenes, as illustrated in 
F~. 29L 
Deno et al . 39 have recently prepared the 1,3,3-trimethyl-
indanyl cation by a cyclisation protonation reaction, by adding 
4_phenyl-2-methyl-l,3-pentadiene to either 96% H2So4 or 23% oleum. 
In a final experiment seeking to evaluate the stability of 
the 3-methyl-l-phenylindanyl cation, I attempted a hydride transfer 
reaction between I-methyl-3-phenylindane and triphenylmethyl perchlo-
rate, in CH2C12 solution, at 25
0
• When equimolar reagents were used 
( lO-4M) ,no reaction was observed. With a tenfold excess of the indane, 
the absorption of the trityl cation decreased noticeably, and a new 
peak appeared at 308 m~, together with a corresponding relative 
increase (unbalancing) of the 410 m~ trityl peak. All these changes 
could be accounted for by the formation of about 10% of indanyl 
cation. Altogether, it appears that the trityl cation is more stable 
than the indanyl oat ion , but not muoh more . 
In analogous experiments, the trityl cation is quantitatively 
reduced to triphenylmethanol by hydride ion donation from oyolohepta-
40 . 41 41 triene, 1,3-d~oxolane, and tribenzylamine, among others, with, 
respectively, formation of the tropylium., dioxolenium, and 
benzylidenedibenzylammonium ions . 
Fig. 29BshowB a tentative 0yclisation and ionisation scheme 
for 1,1-diphenylbuta-l,3-diene . 
Fig. 28 (page 119) 
Tentative oxidation mechanism of ion X to ion XIV, in 
Fig. 29A (page 121) 
General route to: 
(a) 1,1,3-trisubstituted indenes, by cyclisation of the 
corresponding dienes in 15% aqueous H2S04, at 25
0
, 
(b) 1,4-disubstituted-l,2-dihydronaphthalenes by cyclisa- " 
tion of the corresponding dienes in 15% H2S04 at 50
0
, 
or in 80% H2S04 at 30
0
• 
Note: H2S04 
concentrations in weight per cent. 
o~~o FIG.28 g 
CH3 :yH3 . 5°2 
~ H2O 
R 
R' 
FIG.29A . R 
~ 
Fig. 29B (page 121) 
Tentative reaotion pathways leading to I-methyl-3-phenyl-
indene and to the oorresponding oat ion, when 
1,1-diphenylbuta-l,3-diene is treated with H2S04 at 
different oonoentrations . 
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3.7 Spectroscopic investigation of diphenylcarbonium ions . 
3.7.1 Introduction. 
In my investigation of the ionic species derivable from 
styrene and its cyclic dimer I prepared (Seo. 3.6 ) four diphenyl-
oarbonium ions which had not yet been oharaoterised: the l,l-diphe-
nyl-n-butyl (X), I-phenyl-l-(2'-ethylphenyl)ethy~ (XI), 3- methyl-
I_phenylindanyl (XIV), and phenyl- (2'-ethylphenyl)methyl (XXVI). 
It appeared that these carbonium ions, and espeoially the 
two ortho-alkyl substituted diphenyloarbonium ions, showed SOme 
interesting features requiring further investigation by n.m.r. and 
u.v. speotrosoopy. 
In order to obtain as much information as possible within 
the limits of this work, I synthesised two more precursors : 
phenyl_(2'-methylPhenyl)methanol ~nd l-phenyl-l-(2'-methylphenyl)-
ethanol. These, together with diphenylmethanol and l,l-diphenyl-
ethylene, made up two parallel series, eaoh of three diphenylmethyl 
and three l,l-diphenylethyl oations, whose eleotronio and n.m.r. 
speotra were to be oompared. 
Several diphenylcarbonium ions have been extensively 
studied by u.v. spectroscopy in H2S04 solution by Newman,4
2 Gold,23 
43 33,44 45 5 Branch, Deno, Evans, Symons and their co-workers, and in 
o 12 SO -SbF -FS03H at -60 by Olah et al. 2 5 
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The proton shifts i n the n . m.r . spectra of the diphenylmethyl 
and the l,l-diphenyl ethyl cations have been discussed in two com-
munications, by Farnum18 and by 01ah;46 the solvent used by these 
authors were respectively HS03Cl at _20
0 
and S02-SbF5 at _300 • 
Kingsbury47 studied by n . m. r . the hydrogen- deuterium exchange in 
para-and meta-substituted l , l-diphenylethyl cations, and Volz et 
al . 48 gave a qual i t a tive account of t heir n . m. r. and visible 
spectroscopic observations of several diphenylmethyl cat i ons with 
methyl substituted ring hydrogens, in N02CH3- SbCI5 solutions. 
However, none of these workSdeal with series of identically 
substituted carbonium ions, nor can such comparison be established 
by cross-referencing. This was a sufficient reason to go ahead with 
mY investigation of diphenylcarbonium ions . The interesting quali-
tative and quantita tive information gained regarding both the u . v . , 
visible, and n . m.r . spectra showed that the work was worth perfor-
ming . 
As time was limited, I concentrated only on a few parameters, 
attempting to e stablish them with the highest possible accuracy; 
they were : wavelength and extinction coefficients of the u . v . and 
visible absorption s pectra , oscillator strength (f) of separate peaks 
and of whole spectra, n.m. r . speotra and relative downfield shifts 
(deshielding) of all relevant protons. 
The aim was to establish any spectrosoopioally apparent eff ects 
due to hyperconjugation or to steric hindrance . 
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3. 1 . 2 Procedure. 
3 . 7.2 . 1 Protonation and recovery of products . Considering the wide 
( - 5 range of concentrations used 10 M to about 0.5 M), due care was 
required to assure quantitative protonations and to avoid any mis-
leading side reactions . 
All protonations for u . v . and visible spectroscopy were made 
by adding 1 ml . of a 10-4M acetic acid solution of the precursor to 
9 ml . of 98% H2S04 at 0
0 (both acids AnalaR grade) . In a few compa-
rative runs, 0. 1 ml . of 10- 3M precursor in AcOR was added to 9. 9 ml . 
of 98% H2So4 , at 0
0
; within the limits of experimental error, the 
same extinction coefficients were found as above , showing that in 
both cases the prot onation reached the same degree of completion. 
Protonations for n. m. r . spectroscopy were performed in 98% 
R SO and in HS03Cl (unless otherwise stated) at temperatures from 2 4 
o 
- 30 to 0 • 
Both protonation and recovery runs were performed by fast 
dispersal techniques , as described in sections 2. 2. 8 and 2.2 . 9. 
Precursors recovered from carbonium ion solutions were 
analysed by n . m.r. and i . r . spectroscopy when the concentration 
was suitable, and by u . v . spectroscopy and g . l.c . with the low 
concentrations . 
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3.7.2. 2 Measurement of the spectra. The u.v. and visible spectra 
were measured at 20 , with 10-5 to 10-4M solutions, in 1 and 0.1 cm. 
silica cells. The blank (background) spectra were determined with 
<matched cells and subtracted when necessary (quite seldom, in the 
250-300 m~ range); even in the most unfavourable cases, the back-
ground remained less than 10% of the total absorption. The concentra-
ted carbonium ion solutions, for n.m.r . study,were checked by U.v. 
~pectroscopy after dilution in 98% H2S04• The resulting extinction 
coefficient wa s in all case,s, within the limits of experimental error 
(2 to 5%), the same as directly determined with 10-5M solutions, 
showing that all protonations were clean and quantitative. 
The spectrophotometer was calibrated as described in 
section 2.2.1.1. 
The n.m.r. spectra of the cations were calibrated with TMAS 
(tetramethylammonium sulphate) as internal standard 14 (Sec.2.2 . l . 3) . 
All n.m.r • . spectra were measured satisfactorily at 35 0 ; some 
o 
of the carbonium ion solutions, kept at 0 between the runs, 
displayed identical n.m.r. spectra after several weeks. 
3.7. 2 .3 Determination of the oscillator strength (f). The most 
conventionally used expression of the intensity of an absorption 
band the molar extinction coefficient £ ,does not necessarily , max 
give the total absorption strength. 32 ,49 A broad band with a compa-
ratively small value of Cmax may involve more energy than a narrow 
- 126 -
band with a greater value of e . max 
A more convenient measure for the intensity of the total 
absorption due to electronic transitions is given by the oscillator 
strength, or f value, which is directly related to the integrated 
intensity, and in terms of classical electromagnetic theory50 is 
determined by the number of oscillating units per molecule (or ion), 
as follows: 
where e and m are the charge and the rest mass of the electron, 
c is the velocity of light, N is Avogadro ' s number, and €dv is the 
band area . In the case of symmetrical and smooth absorption bands, 
the area may be obtained in good approximation by the relation: 
J EdV=Cmax6v 
whereLlvis the band width at half maximum extinction (in cm.-l ) . 
Introducing the numerical values in the term within brackets 
of the first equation gives : 
To compute the constant term above I used the physical 
constants as recommended by the National Bureau of Standards (U.S.).51 
When the oscillator strength is computed from spectroscopic 
data determined in solution, f is multiplied by a correction f actor F 
related to the refractive index n of the solvent . 52 UnfortunatelY 
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there is no agreement regarding the equation relating F to n. Thus, 
Lewis and Kasha53 suggest the simple rel a tion: 
(1) 2 F=n 
whilst Rubinowicz54 recommends the more elaborate relation: 
(2) 2 2 F = 9n/(n + 2) 
Both equations give F=l for n= 1. When n increases, (1) gives F)l 
and (2) F<l, the deviation increasing with n. The general practice 
being32 ,52 to consider F=l for most common solvents (n=1.3 to 1.6), 
I conformed to this and suppressed the F term. 
Although in modern quantum mechanics49 the oscillator strength 
is rather seen in statistical terms, as related to the transition 
probabilities for induced emission and absorption, the above treat-
ment remains valid50 for determining experimenta l oscillator strengths , 
and was used as such in this work. 
Considering that the absorption peaks of the carbonium ions 
studied here were seldom symmetrical , their area was determined 
h t 1 " c- -1 ) (after plotting t e spec rum on a ~near .~ and cm. scale either by 
graphical integration, or by cutting and weighing the spectrum 
plotted on paper of uniform thickness. 
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3.7.3 Ultraviolet and visible spectroscopy. 
~: For reasons of simplicity, a new numbering (Tables A and B) 
has been adopted for compounds and cations considered in 
this and the following sections. 
The oompounds (NoP) in Table A were protonated by 98% 
H
2
S04 to the oorresponding cations (NoC) in Table B: 
Table A Table B 
IP diphenylmethanol IC diphenylmethyl 
lIP phenyl-(2'-methylphenyl)- lIe phenyl-(2'-methylphenyl)-
methanol methyl 
IIIP phenyl-(2 '-ethylphenyl)- IIIC phenyl-(2'-ethylphenyl)-
methanol methyl 
IVP l,l-diphenylethylene IVC l,l-diphenylethyl 
, l-phenYl-l-(2~methylphenyl)-VP l_phenyl-l-(2-methylphenyl)- ve 
ethanol ethyl 
VIP l_phenyl-l-(2~ethylphenyl )- VIe l-phenyl-l-(2'-ethylphenyl)-
ethanol ethyl 
VIIP l,l-diphenylbut-l-ene VIle l,l-diphenyl-n-butyl 
VIIIP 3_phenylindene Vllle l-phenylindanyl 
IX l_methyl-3-phenylindene IX 3-methyl-l-phenylindanyl 
The structures of ions IC to IXC are shown in Table 7. 
Table 7 (p.128 ) 
le diphenylmethyl 0---, v-o--" I I C l ' \ / J ,---- + ,_/ 
f-o-'" C ( \ + ' / 
" _/ 
IIC phenyl-(2'-methylphenyl)metbyl 
IIIC phenyl-(2'-ethylphenyl)methyl ¥ 0-·' - ( \ + , / 
Et _./ 
O CH -, '::0-' { \ / , \ I C ( I ' . _/ + ~_/ IVC l,l-diphenyletbyl 
Q.-" yH3 \ I C 
"./ + 
- Me 
VC l-phenyl-l-(2'-methylphenyl)-
ethyl 
CH 
130--' - I ) + ~ / 
...... -
VIC l-phenyl-l-(2'-ethylphenyl)-
ethyl 
VIIC l,l-diphenyl-n-butyl 
VIIIC l-phenylindanyl 
IXC 3-methyl-l-phenylindanyl 
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Spectra were scanned with 10-5 and 10-~ solutions 
(Sec. 3.7.2 . 2) from 700 m~ down to 220 m~ • In order to ensure the 
best accuracy, each compound was protonated at least two times and 
separate spectra run. T~e protonations were virtually instantaneous, 
and the ions remained stable for many days, when kept at 00 , and 
even for many months (cations VIIIC and IXC). 
All spectra exhibited two well shaped maxima, one at around 
300 m~ and one between 412 and 447 m~, the latter absorption always 
having the higher extinction coefficient and being responsible for 
the colour of the solutions . Carbonium ions absorbing only at around 
300 mp and below give colourless solutions, for instance the tropylium 
cation,20 A 274 and 217 m~ and the dimethylphenylmethyl cation, 
max 
~max 325 m~ (this work and Ref. 12). · 
The colour of dilute solutions (10-5M) was from pale yellow 
to greenish yellow, as the wavelength increased. In the same way, the 
colour of more concentrated solutions (10-2M and above ) went from 
greenish yellow (cations VrlrC and rxc) to yellow ochre (IVC to VlrC) 
and deep red (rc to rIIC) . Chichibabin55 observed already in 1909 
that sulphuric acid solutions of rIP were red. 
Table 8 summarises the speotrosoopio data obtained, in the 
order: short and long wavelength maxima in millimicrons and in crn.-l , 
extinotion coeffioients, oscillator strength f of separate peaks, 
ratio f h /f
1 
' and total f. (f h /fl ~ ratio f short wavelength s • . s. . 
to f long wavelength). 
Table 8 
(ref . page 129 ) 
)... (max. ) 
Cation mp -3 -1 10 cm. 10-3£ f fsh . /fl. f tot. 
IC 304 32 . 9 2. 8 0. 060 0. 085 0.766 
442 22 . 6 60. 6 0. 706 
IIC 306 32 . 7 3. 4 0. 070 0.106 0.730 
446 22 . 4 48 . 5 0. 660 
IIIe 307 32 . 6 4. 2 0. 086 0. 135 0. 722 
447 22 . 4 47 . 6 0. 636 
IVC 314 31.8 12 0. 189 0. 36 0. 713 
427 23.4 39 0. 524 
vc 320 31.25 10. 3 0. 182 0. 4 0. 634 
431 23 . 2 26 0. 452 
VIe 323 30. 95 11 0. 185 0. 42 0. 624 
434 23 . 05 27 0. 439 
VIle 321 31.15 13 0. 180 0. 36 0. 680 
431 23 . 2 40 0. 50 
VIlIC 302 33 . 1 13 0. 148 0. 23 0. 790 
412 24 . 3 37 0. 642 
IXC 304 32 . 9 12 0. 157 0. 275 0. 752 
415 24 .1 35 0. 595 
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A first look at this table shows that the oscillator 
strength is much more informative than the extinction coefficient 
(Sec . 2 . 7.2 . 3). For instance, the ratio of the long wavelength peak 
extinction coefficients of cations IC and VIIIC is 60,600/37,000 
=1 . 64; on the other hand the f ratio for the same peaks is 
0 . 706/0. 642 =1 . 10; finally, the f ratio for the entire spectra is 
0 . 766/0. 790 =0.97 . Thus, while the ratio of€ suggested that the 
absorption of cation IC is higher than the absorption of cation VIIIC, 
the f ratio shows that the opposite is true . 
A closer examination of Table 8 reveals the following 
features (refer also to Fig. 30 - 38) : 
a) In homologous series of cations (IC- Ille, IVC and VIIC, 
IVC-VIe, VIIIC- IXC) the wavelength of al l peaks increases 
when alkyl substituents are introduced. 
b) In the series IC-IIIC and IVC- VIC , the wavel ength increase 
appears to be more related to the substitution itself, than 
to the chain length of the substituent (when moderate) . Thus, 
when a methyl is substituted for an ortho hydrogen in IC and 
IVC to give respectively IIC and VC , the bathochromic shift of 
the low wavelength peak is 200 cm.-l for IIC and 600 cm.-l for 
VC . When the ortho-ethyl monosubstituted oations IIIC and VIC 
are compared to IIC and VC , the low wavelength bathochromic 
shift becomes 100 and 300 cm.-l respectively, which is one 
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half of the above figures . This experimental finding 
confirms the hypothesis (Section 3.6.1) that the u.v. spectra 
of IIIe and of the phenyl- (2'-isopropylphenyl)methyl cation 
must be very similar, as predictable from published data on 
symmetrically disubstituted44 and P01YSubstituted48 diphenyl-
methyl cations. 
c) Considering the same series of cations, it clearly appears 
that the total oscillator strength decreases with substitution. 
Again, as for the wavelength variation above, the decrease of 
f is much greater at the first step (appearance of substitu-
tion) that at the second (increasing chain length of substi-
tuent).(An analogous variation pattern of the extinction 
coefficient of unsubstituted and ortho-methyl , ethyl and 
isopropyl N,N-dimethylanilines has been observed by Burgers 
et al . 56). Moreover , the decrease of f is more important in 
the diphenylethyl than in the diphenylmethyl cations series . 
Thus , when going from IC to IIC and IIIC, ~f is 
respectively -36 and -8 (-5.7% together); when going from 
IVC to VC and VIC, ~f is -79 and -10 (12.5% together) . 
The disparity of the variation of the oscillator 
strength oould beoome clear if hindranoe to planarity were 
held responsible for it . Steric crowding is higher in the 
diphenylethyl cations, and hence planarity is more hindered. 
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However, Deno et al . 33 have claimed that absorption s pectra 
cannot be used to measure steric inhibition of resonance in 
arylmethyl cations. These authors ca lculated oscillator ~ 
strengths for mono-, di-, and triphenylmethyl cations using 
the approximation that the oscillator strength is proportio-
nal to the square of the difference in dipole moment between 
the first excited state and the ground st ate ( as suggested 
by Murrell and PoPle57 ), and found that the vectors contribu-
ting over 96% of the dipole moment are invariant to rotation 
of the phenyl rings . The ca lculations predicted also that the 
oscillator strength of mono-, di-,and triphenylmethyl cations 
will be respectively 0.25, 0.94, and 1.60. The predicted f for 
diphenylcarbonium ions is in satisfactory agreement with my 
experimental values, which vary from 0.624 to 0.790. 
d) Another interesting feature appears when the os cill ator 
strength ratio of the short to the long wavelength peaks is 
established. This ratio increases i n al l the series considered 
above, showing a relative increment of the contribution from 
the high energy transitions. Moreover, this r atio is much 
higher in the diphenylethyl cation s~ries !VC-VC-VIC (respe-
ctively 0.36, 0.4, and 0.42) than in the diphenylmethyl 
cation series IC-IIC-IIIC (respectively 0.085, 0.106, and 
0 . 135). This could show·a higher phenylalkylcarbonium ion 
- 133 -
character in the former (due to hyperconjugation) than in 
the latter cations, in consistence with the well established 
fact that monophenylalkylcarbonium ions exhibit their major 
peakl2 ,24 in the low wavelength region, around 300-350 m~ . 
The spectra of cations IC-VIC, VIIIC, and IXC are displayed 
in Fig. 30 to 33 . 
Fig . 34 and 35 illustrate the variation of A and f in the 
max 
two diphenylmethyl and diphenylethyl cation series . 
The spe~tra of increasingly substituted diphenylcarbonium ions 
and diphenylmethylcarbonium ions are compared in Fig. 36 A,B, and C. 
Fig. 31 shows the extensive spectroscopic modification brought 
about by cyclisation, in otherwise identically substituted diphenyl-
alkYlcarbonium ions . The higher osoillator strength observed for the 
cyclic cation: 0. 152, as compared to 0.624 for the open homologue, 
is well oonsistent with the suggestion (Olah and Pittman24 and 
section 3. 6 . 1 . 3 of this work) that the locked-in planarity is respon-
sible for the higher stability of indanyl cations. The same compari-
son can be established for the two homologous cations VC (open) and 
VIIIC (cyclic). 
Fig . 38 shows the spectral changes brought in by a lengthening 
of the alkyl substituent directly attached to the ionic carbon. More 
information about similar changes was made available in a recent 
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12 publication by Olah and co-workers. These authors report the 
spectra of diphenylalkylcarbonium ions in FS03H-SbF5 solution; the 
alkyl 8ubstituents being: methyl, ethyl, isopropyl, cyclopropyl, 
cyclobutyl, and cyclohexyl. 
Fig . 30 (page 133) 
Spectra of the diphenylmethyl (dashed) and the l,l- diphenyl-
ethyl (full) cations plotted on linear€ and cm.-l scales 
in order to allow determination of the oscillator strength. 
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Fig . 31 (page 133) 
Spectra of the phenyl-(2'-methylphenyl)methyl (dashed) and 
the I-phenyl-l-(2'-methylphenyl)ethyl (full) cations , 
plotted on linear £ and cm.-1 Bcalesin order to allow 
determination of the oscillator strength . 
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Fig. 32 (page 133) 
Spectra of the phenyl-(2'-ethylphenyl)methyl (dashed) and 
the I-phenyl-l-(2'-ethylphenyl)ethyl cations, plotted on 
linear £ and cm.-l scales in order to allow the calcula-
tion of the oscillator strength. 
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Fig. 33 (page 133) 
Spectra of the I-phenylindanyl and the 3-metbyl-l-pbenyl-
indanyl cations, plotted on linear€ and cm . - l scales in 
order to allow the calculation of the oBcillator strength. 
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Fig . 34 (~age 133) 
Spectra of the three dipheny1methy1 cations showing the 
sharp decrease of e when substitution on the ring is 
brought in. Note that the area under the peaks is much 
less altered than E. 
Fig . 35 (Page 133) 
Series of three diphenylethyl cations. Same remarks 
as above . 
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Fig. ·36 (-page 133) 
Spectra of homologous diphenylmethyl and diphenylethyl 
cations compared. Note the decrease of the long wavelength 
peak and the corresponding increase of the short wave-
length absorption when going from the diphenylmethyl 
to the corresponding diphenylethyl catio.ns . 
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Fig . 37 (pase 133) 
Illustration of the effect of cyolisation on the u . v . 
speotrum exhibited by~two otherwise identically substi-
tuted oarbonium ions . 
Fig . 38 (page 133) 
This Fig. shows the very minor cha e in the spectrum of 
diphenylcarbonium ions when the alkyl aubstituent (on the 
ionio carbon) is made longer . 
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3.7 . 4 Proton magnetic resonance spectroscopy. 
3. 7.4. 1 Foreword. Compounds IP to IXP (Table A, page 128) were 
protonated to the corresponding cations IC to IXC (Table E, page 128), 
as 5-10% solutions in H2S04, D2S04, or HS03Cl . Cat ion VIIIC was a lso 
formed from VIIIP in HCl04 - CH2C12• 
Although all compounds (except IP, IIP, and IXP) were nroto-
nated satisfactorily when added undilute to the acid, the best resul t s 
were obtained when the pr ecursor was extraced by the acid from a 
carbon t atr achloride solution (sections 2. 2. 8 and 3. 7.2) . 
Fig. 39 to 47 show the good resolution obtained with a 
Perkin-Elmer Model RIO, 60 Mo . speotrometer equipped with a probe 
thermostatted at 350 • In a general way, slightly better resolution 
was obtained in HS03Cl than in H2S04, probably because of the lower 
~iscoBity of the former . 
All spectra are g iven in T (Tau) units, with the TMS peak 
at 10~ (in p. p . m. ) and the TMAS (tetramethylammonium sulphate) peak 
at 6 . 90 ~. The inte r ated ar eas .oorresponded t o the assigned 
structure in every case . For the sake of clarity and compactness, 
the integration trace has been omitted from most spectra. 
All precursor speotra were soanned using I M solutions in carbon 
tetrachloride (unless stated otherwise) . 
The de shielding of protons in the oarbonium ions is expressed 
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in p . p . m. downfield relative to the position of the same protons 
in the spectra of the corresponding car binols. No variation of the 
chemical shifts was observed when comparing spectra in H2S04 and 
HS0
3
Cl, and when changing the concentration of the precursor (to be 
protonated) from 5 to 10%. 
All n.m . r . data are summarized in Table 9. 
3 . 7.4. 2 Phenylindanyl cations. Spectra of the l-phenylindanyl 
oation in H2S04
, HC104-CH2C12 , HS03Cl, and D2S04 are displayed in 
Fig. 39 , alo with the speotra of 3-phenylindene , and of the same 
compound reoovered from ths H2S04 solution. The stability of the 
cation is best shown by comparing the spectra in H2S04 run 10 min. 
after the protonation and after 15 daysl no change is observed. 
The four indanyl r ing protons form a clean and simple A2E2 spectrum 
with peaks at 5. 87 and 6. 35 7, the low field peak beLonging to the 
protons on the oarbon nO 2 (oarbon nO 1 bearing the positive charge) , 
as shown by the smearing out of this peak in D2S04 and in HC104 -
CR
2
C1
2
• Deno et al . 39 studied the l-methylindanyl cation in 96% 
H
2
S04 and found a similar shift for the indanyl protons on carbon 2 
and 3, respectively 6 .16 and 6. 44 T. The slightly lower Tau values 
in the l_phenylindanyl cation are oonsistent with a higher deshield-
in8 due to the extr a phenyl ring. 
F' • 40 shows the speotra of l-methyl-3-phenylindene before 
protonation, 3-methyl-l-phenylindanyl oation, and the indene 
Table 9 (page 136) 
downfield 
cation T in 'T in shift 
carbinol cation in p. p. m. 
Ph 
+ (a) /C -CH3 (a) 8. 13 6. 33 1. 80 Ph 
Ph+ (a) (a ) 4. 3 C-H - 0. 15 4. 45 
(b) 7. 9 7. 12 0. 78 
Ph + (a) 'a-CH (a) 8. 20 6. 36 1.84 0 / ) (b) 8. 08 7. 60 0. 48 t , 
" __ / CH3 (b) 
Ph + (a) 4. 3 -0. 13 4. 43 C-H (a) 
C1 (b) 7. 53 6. 75 0. 78 r ' ( I (c) 8. 98 8. 6 0. 38 .... _~) CH2CH3 (b) (c) 
Ph + (a) 8. 22 6. 33 1. 89 aC-CH) (a) / 'I (b) 7. 63 7. 34 0. 29 ( , 
l .... _~ CH2CH3 (c) 9. 25 8. 82 0. 43 
(b) (c) 
Ph (a) 7. 8 6. 1 1. 70 
+ (b) 8. 80 8. 06 C-CH -CH -CH 0. 74 /' 2 2 3 
Ph (a ) (b) (c) (c) 9.12 8. 9 0. 22 
Fig . 39 (page 136) 
N. m.r. spectra of the l - phenylindanyl cation in different 
acids and at vari ouB time intervals . 
The precursor 3- phenylindene (top) was recovered (bott om) 
using fast dispersal methods . l4 
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Fig. 40 (page 136) 
N. m. r . spectra of 1-methyl-3-phenylindene of the 
3-methyl- l - phenylindanyl cation (5~ solution in HS03Cl) 
and of the precursor recovered in nearly Quantitative 
yield. 
Note : the 3- methyl- l-phenylindany1 cation xhibite 
exactly the same spectrum as above when formed in 
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recovered from the 51 HS03Cl solution of the carbonium ion. 
The perfectly clean spectrum of the 3-methyl-l-phenylindanyl 
cation illustrates the ood resolution obtained even when complex 
proton interactions occur. Thus, the central part of this spectrum 
(Fi • 40), between 5. 3 and 6.5 Tau, represents the interaction of 
the three magnetically non- equivalent indanyl protons A, B, and C, 
separated from each other by chemical shifts of the sarne order of 
magnitude as the coupling constants between them, and constituting 
a typical ABC system. 58 The full analysis of such a spectrum would 
~volve elaborate computer techniques and is beyond the scope of 
this work. The only parameter which can be directly determined58 
here is the spin-spin coupling constant Jgem for the protons A and B, 
and this is 24 c . p.s. Although unusually large, this value compares 
with the eminal coupli constant of the same methylene protons 
in 3_methylindan-l-one which is 19 c.p.s., as determined in this 
work, Marechal , Basselier , and Sigwalt59 have performed the full 
analysis of the speotrum of this ketone , and give the slightly 
l ower value of 18 . 5 c.p. s . for JAB. gem 
The comparison of the p.m. r . of 3-methylindan-l-one and of 
the 3_methyl-l-phenylindanyl cation (Fig. 41) can be justified, 
at least as far as the system formed by the methyl and the three 
indane ring protons is ooncerned : both structures have a built-in pla-
narity , due to tmtri onally (sp2) hybridised carbon atom. inposi-
tion 1. If the relation established60 between the geminal coupling 
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constant and the H-C - H angle is assumed to be valid for the two 
systems disoussed above, the bond angle between the methylene 
hydrogens is found60 to be 105.50 for the indanone and 1030 for 
the indanyl cation. The bond angle difference, 2.50 , is small 
enough to. be acoounted for by conventional steric factors brought 
in by the extra phenyl ring in the carbonium ion. Alternatively, the 
increase of Jgem RH in the cation could be due to a combination of 
bond angle decrease and stereo-electronio interaction which is 
inherent to the charge delocalisation. 
Fig . 41 shows the p.m.r. speotra of the l-phenylindanyl 
(VIIIC) and 3-methyl-l-phenylindanyl oat ions as compared to the 
s peotra of the oorresponding ketones: indan-l-one (XXVII) and 
3_methylindan-l-one (XXVIII). The A2B2 speotrum formed by the four 
methylene protons of XXVII is shifted downfield without any major 
alteration, . in cation VIIIC. More extensive changes are observed 
wh~n oonsidering the spectra of IXC and XXVIII. The s imple ABX 
s pectrum59 formed by the three indane ring protons of XXVIII is 
transformed to an ABC spectrum in cation IXC. This modification is 
due to the fact t hat the methylene protons experience a higher 
deshielding than the proton in position 3, with a oonsequence 
that all three protons resonate at much closer frequencies and thus 
generate a more complex interaoting system, ABC. 
Fi • 41 (pages 137-8) 
The n . m. r . spectra of the l - phenylindanyl nd 
3-methy1- l - phenylindany1 cations are compared to the speotr a 
of the corresponding ketones , in order to illustrnte the 
similarity of the spectra of the protons in position 2 
(considering the downfield shift) . 
Both cations are as 5% solution in RS03Cl , and the k tones 
as 10% solutions in CC14• 
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3. 7. 4 . 3 Diphenylmethyl and diphenylethyl cations. The p.m.r. 
spectra of the thr ee diphenylmethyl cations IC, IIC, and IIIC, and 
the three l,l-diphenylethyl cations IVC, VC, and VIC (Section 
3.7.3) are displayed a~ang with the spectra of their precursors 
in Fig . 42-46 . 
Fig . 42 compares the spectra o~ the diphenylmethyl and 
l,l-diphenylethyl cations with the spectra of the corresponding 
diphenyl and methyldiphenyl carbinols. The n.m.r. s pectra of both 
cat i ons have been investigated by 01ah46 (using S02-SbF5 at _300 ) 
and FarnumlB (using HS03Cl at _20
0 
and measuring the spectrum at 
room temperature). These authors were interested in studying the 
chemical shifts and the long range shielding effect s, and did not 
attempt to establish any spectroscopic correlation with the 
precursors. The agreement between the published spectroscopic 
data and the valuesfound in my work is ' excellent , and shows the 
insensitivity of the chemical shifts to temperature variations 
and to solvent effects . Thus , the methyl protons of the methyl-
diphenylcarbonium ion are found at 6.33 Tau in 9B% H2S04 at 35
0 
( my work), at 6 . 30 Tau in S02-SbF5 at _300 (01ah46 ), and at 
6.33 Tau in HS03Cl at room temperature (Farnum
lB ) . The actual value 
published by Farnum is 6. 30 Tau, with reference to the tetramethyl-
ammonium ion peak at 6. B7 . The value for the TMAS peak taken in my 
work as 6 . 90 (as recommended by Deno et al . 14) , Farnum 's value is 
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to be increased by 0. 03 Tau in order to make a fair comparison. 
The agreement of these data confirms moreover the adequacy 
of the TMA ion as internal standard for strongly acidic solutions, 
considering the fact that Olah's value is referred to TMS as inter-
nal standard. The very small difference observed (0.03 p . p . m.) is 
well within the range of experimental scatter. 
Fig . 43 shows the spectra of phenyl-(2 '-methylphenyl)metha-
nol in CCl
4
, and the corresponding phenyl-(2 '-methylphenyl)methyl 
cation in 98% H2S04 and 98% D2S04• As expected, the hydrogen 
directly bonded to the ionic carbon is highly deshielded (by 4.45 
p . p . m. as compared to 4.28 p.p. m. in the diphenylmethyl cation, 
Fig . 42). In D2S~4 this hydrogen is exchanged i n less than 2 min. 
at 35°. The methyl hydrogens exhibit the same peak in H2S04 and 
D
2
S0
4 
and are deshielded by 0.78 p.p.m. 
The spectra of I-phenyl-l-(2 '-methylphenyl)ethanol in CCl4 
and of the I_phenyl-l-(2'-methylphenyl)ethyl cation in H2S04 and 
D SO are shown in Fig. 44 . The perfect stability of the cation 
2 4 
is shown by the identity of spectra run 10 min . and 15 days after 
its formation. The hydrogens of the methyl group attached to the 
ionic oarbon are deshielded by 1 . 84 p . p.m. and those of the methyl 
group attached to the phenyl ring by 0.48 p. p. m. (0.30 p.p. m. less 
than the same hydrogens in IIC, Fog. 43). The validity of the 
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chemical shift assignment is confirmed by the disappearance of 
the low field peak (6 . 36 Tau) in D2S04 , whilst the high field peak 
remains unaltered. 
Fig . 45 displays the spectra of phenYl-( 2 ' ~ethylphenYl)­
methanol in CC1
4
, and of the phenyl- (2 '-ethylphenyl)methyl ca tion in 
HS0
3
Cl . The clean A2X3 spectrum formed of the five ethyl protons in 
IIIC illustrates the excellent resolution obtained in HS03Cl at 35° ; 
slightly less sharp peaks are obtained in H2S04 • The hydrogen 
bonded to the carbonium carbon is deshielded by 4 . 43 p . p . m. to 
-0. 13 Tau (as compared to 4. 45 p. p. m. in IIC) . The methylene protons 
are de shielded by 0 . 78 p. p . m. (exactly the same value as for the 
protons of the methyl group attached to the ring in IIC, Fig 43) . 
The methyl protons are deshielded by 0. 38 p. p . m. 
Fig . 46 displays the spectra of I - phenyl- l - (2 '-ethylphenyl)-
ethanol in CC14 , and of the l-phenyl-l-( 2 '-ethylphenyl)ethyl cation 
in H
2
S0
4 
and D2S04• The protons of the methyl group attached to the 
ionic carbon are deshielded by 1.89 p . p. m. (as compared to 1 . 84 
p . p . m. in VC and 1 . 80 p . p . m. in IVC, Fig. 44 and 42 respectively) . 
The methylene protons are de shielded by 0.29 p . p.m . (0.49 p.p. m. less 
than the same hydrogens in IIle, Fig. 45). The second methyl 
protons are deshielded by 0. 43 p.p . m. 
Fig . 42 (page 139) 
N. m. r . spectra of the diphenylmethyl and the diphenylethyl 
cations (5% solutions in H2S04) compared to the speotra of 
the corresponding carbinols . Note the high de shielding 
(4 . 28 p. p.m. ) of the hydrogen attached directly to the 
ionic carbon. 
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Fig . 43 (page 140) 
N. m. r . spectra of the pheny1- (2 '-methy1pheny1)methy1 
cation (IIC) as 5% solution in H2S04 and D2S04, compared 
with the spectrum of the precursor. 
Note the disappearance of the peak due to the hydrogen 
dir ectly bonded on the ionic carbon (-0. 15 ~ 
the cation is formed in D2S04. 
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Fig . 44 (page 140) 
N. m. r . spectra of the "1-phenyl-l-(2'-methylphenyl)ethyl 
cation (VC) in H2S04, 10 min. after its formation and 
after 15 days, and in D2S04 , after 10 min., compared to 
the spectrum of the corresponding carbinol. 
The remarkable stability of the cation is illustrated by 
the fact that the spectrum is unchanged after 15 days . 
Note the disappearance of the peak belonging to the hydro-
gens of the methyl group directly bonded to the ionic 
carbon when the cat ion is formed in D
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Fig . 45 (page 141) 
N.m.r. spectrum of the phenyl-(2 t -ethylphenyl)methyl 
cation (rrrc) aB 5% solution in HS03Cl compared to 
the spectrum of the precursor (l. M sol . in CC14). 
Note the high deBhielding of the hydrogen directly bonded 
to the ionic carbon (-0. 13 Tau), and the good resolution 
of the methylene quadruplet and the methyl triplet . 
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Fig . 46 Wage 141) 
N. m. r . spectra of the 1-pheny1-l-(2'-ethy1phenyl)ethyl 
cation (VIe) in H2S04 and D2S04 , both scanned 10 min. 
after . formation, compared to the spectrum of the 
corresponding carbinol. 
Note the beautiful resolution obtained and the disap-
pearance in D2S04 of the hydrogens of the methyl group 
attached to the charged carbon atom . 
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3. 7.4.4 The l,l-diphenyl-n-butyl cation, VIIC . The s pectra of 
this cation an~ of its precursor are displayed in Fig. 47 . The 
cation was obtained quantitatively both from the carbinol and 
from the corresponding olefin l,l-diphenylbut-l-ene, in H2S04 and 
in HS0
3
Cl. The deshielding of the alkyl protons in VI re resolves 
the A2B3 spectrum with overlapping peaks of VIIP into a clear A2X3 
spectrum showing the methyl triplet and the median methylene 
hextuplet (hextuplet and not quadruplet, due to the fur ther inter-
action with the ~ methylene protons ), as expected for an A2X3 system, 
both groups are symmetrically distorted. The ~ methylene protons 
are deshie1ded by 1.70 p. p .m. (as compared to 1.80, 1.84, and 1.89 
p. p . m. respectively, for the methyl protons of cations IVC, VC, 
and VIC). 
Fig. 47 (page 142) 
N. m. r . spectrum of the l,l-diphenyl-n-butyl cation 
compared to the spedtrum of the corresponding carbinol . 
Note the resolving of the complex A2B3 spectrum (carbinol) 
to a triplet and sextuplet (cation) due to the downfield 
shift (deshielding) . 
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3.7 . 4.5 Summary and discussion . With reference to Table 9 and 
Fig. 42 - 47, the following facts can be established: 
a) Protons bound directly to the ionic carbon experience the 
highest deshielding , which is 4.45 p . p . m. for IIC and 4.43 
p. p.m. for IIIC . 
b) Protons belonging to methyl groups directly bound to the 
ionic carbon experience a very similar deshielding . Thus, 
in the series IVC , VC, and VIC the de shielding is respectively 
(in p.p. m.) 1.80, 1.84, and 1.89; these values are in further 
agreement with the deshielding of the ~ methylene protons of 
VIIC (1.70 p. p. m.). 
c) A linear relation is found between the number of bonds 
separating a proton from the ionic carbon and the log of its 
deshielding value in p . p. m., as shown in Fig . 48. 
d) Hydrogens directly bound to the ionic carbon, or separa ted 
from it by two bonds (cases a and b above) exchange completely 
in D2S04. 
e ) Hydrogens belonging to methyl and methylene groups directly 
linked to the phenyl rings, in ortho position, experience 
a higher deshielding in the diphenylmethyl cations (0.78 
p . p . m. for IIC and IIIC) than in the diphenylethyl cations 
(0.48 p . p. m. for VC and 0.29 p . p.m. for VIe) . The difference 
of deshielding for these hydrogens is thus 0. 30 p. p.m. 
Fig. 48 (page 143) 
Correlation between the numb r of bonds se arating 
a proton from the ionic carbon nd the deehielding 
(downfield shift) in p. p. m. 
Point 1 refers to protons directly bound to the ionic 
carbon (in cations IC, IIC andIIIC) . 
Points 2 , 3, and 4 refer to protons a b and c of the 
1,1-diphenYl-n-butyl cation (Fi • 47) . 
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between lIe and ve, and 0. 49 p. p. m. between IIIe and VIe . 
f) Hydrogens belonging to methyl groups separated from the 
phenyl ring by a methylene (ethyl terminal hydrogens) 
experience a slightly higher de shielding in the diphenyl-
ethyl cation VIe (0. 43 p . p. m. ) than in the diphenylmethyl 
cation IIIe (0. 38 p. p. m. ). Moreover, the deshielding sequence 
of the ortho- ethyl hydrogens is quite unexpectedly r eversed 
for cation VIe (see Table 9) : 0. 29 p.p.m. for the methylene 
protons and 0. 43 p. p. m. for the methyl protons . Normally, the 
low field shift (relative to the corresponding carbinol) 
should be the higher, the closer the protons are to the 
positive charge delooalised over the phenyl ring, and this 
is what actually happens for the ortho-ethylphenylphenyl-
methyl cation 1110, where the deshielding is 0. 78 p. p. m. for 
the methylene protons and 0. 38 p. p. m. for the methyl protons. 
g ) Rydrogens of methyl and methylene groups directly bound to 
the phenyl ring of diphenylmethyl cations (respectively lIe 
and 1110 ) experience exactly the same deshielding, which 
is 0. 78 p . p . m. 
Some of the findings stated above fit with facts which have 
already been observed . Thus, the high deshielding of hydrogens 
directly bound to the ionic carbon was observed by Farnuml8 and 
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and by 01ah46 • The decrease of deshie1ding with increasing number 
of bonds separating a hydrogen from the ionic carbon wa s obse rved 
in alky1carbonium ions by 01ah et al . 61 The fast exchange in D2S04 
of hydrogens close to the ionic carbon was observed for the 
l-methylindanyl cation and other monophenylcarbonium ions by 
Deno et al . 39 
On the other hand, the findings related under the headings 
~, f, and K have apparently Deen observed for the first time in this 
work, and may have a fairly interesting significance. 
The fact that hydrogens attached to the ortho substituents 
experience a .higher deehielding in the diphenylmethyl cations IIC 
and IIIC than in the diphenylethyl cations VC and VIC could be 
interpreted by assuming that the diphenylethyl cations exhibit a 
. t ' ff t 21,64 d t th th 1 d' tl hyperconJuga ~on e ec, ue 0 e me y group ~rec y 
bound to the ionic carbon, allowing more resonating forms, with a 
subsequent lower charge delocalisation over the phenyl rings (than 
in the diphenylmethyl cations), and hence a lower deshielding. 
The reversed deshielding of the ethyl protons in VIC could 
be explained in terms of the hyperconjugation, creating a steric 
interaction effect, whose net results is a higher deshielding of 
proton (c) than of proton (b). In other words, the deshielding 
effect of the positive charge distributed over the phenyl rings 
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is counterbalanced by the effect of the positive charge distributed 
over the methyl group attached to the ionic carbon: 
An indirect support for the hypothesis of hyperconjugation 
in the l,l-diphenylethyl cations is found in the investigation of 
the electronic absorption spectra of cations IC - VIC (Table 8) . 
These spectra always exhibit two maxima : one in the 300 - 320 m~ 
region , and one above 400 m~, the extinction coefficient and the 
oscillator strength of the latter peak being the higher. When the 
ratio of the oscillator strengths of the low wavelength peak to the 
high wavelength peak is considered, it appears that it is much 
higher (0. 36 - 0. 42 ) for the diphenylethyl . cations than for the 
diphenylmethy1 cations ( 0. 085 - 0. 135) . The oscillator strengths 
of the low wavelength peaks follow the same pattern, and are 
respectively 0. 182 to 0. 189 and 0. 06 to 0. 085 (Table 8) . 
The well established fact 12 ,24 that monophenylalky1carbonium 
ions exhibit their maj or absorption peak in the 320 m~ region may 
show the appearance of a partial monoaryl character ( due to 
hyperconjugation and t o steric facto~s) in the 1 , 1-dipheny1ethy1 
cations . 
- 147 -
A last observation concerns the identical deshielding 
(0.78 p. p . m.) of protons (b) in cations IIC and IIIe . Unless this 
identity is attributed to coincidence, it should show that the 
charge delocalisation over the disubstituted phenyl ring is very 
nearly the same in both cations, i . e., the conjugation with the 
ionic oarbon is not affected in this particular case by the 
introduction of a bulkier substituent. Again, reference to the 
electronic speotra of these cations supports the n.m.r. findings. 
Reference to Table 8 shows that the total oscillator strengths for 
cations IC , IIC, and IIIC are respectively 0. 766, 0.730, and 0.722. 
It clearly appears that the variation of f is of some importance 
(4.7%) when a substituent is introduced; moderate increase of the 
volume of the substituent causes a much smaller variation (1.1%). 
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CHAPrER FOUR 
SUGGESTIONS FOR FURTIIRR WORK 
4.1 Ionisation mechanism of l-methyl-3-phenylindane. 
Although good circumstantial evidence supports the proposed 
hydride abstraction mechanism (Sec. 3.6.7.2), more experimental 
work is required for its unambiguous establishment (or rejection) . 
One point on which further experimentation should concentrate 
is the conductimetric study of the interaction of l-methyl-3-phenyl-
indane with a large excess of HC104 in CH2C1 2• I have shown that the 
induction period observed when styrene interacts with excess HC104 
( Sec . 3.2.3.2) is due to the dimerisation and cyclisation reactions, 
during which no increase of conductivity is noticed. The logical dedu-
ction from . this is that when the cyclic dimer is made to react 
directly with HCl04 in protonation conditions, no induction period 
should be observed. 
The induction period being very short (seconds) even at the 
lowest concentrations, this investigation should be carried out 
using the conductivity cell nOlI (page 35) with which the time 
interval between mixing of the reagents and the recording of the 
conductivity is reduced to less than 1 sec . 
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4.2 Spectroscopy of carbonium ions. 
The correlations deduced from u.v., visible, and n.m.r. 
spectroscopy discussed in sections 3.7.3 and 3.7.4.5 could 
constitute the experimental basis of a semi-quantitative evaluation 
of electron density repartition in arylalkylcarbonium ions, and 
should desserve further investigation. 
The study should extend also to meta- and para-alkyl substi-
tuted diphenylmethyl and diphenylethyl cations. Thus, the anomalous 
deshielding sequence of the ortho-ethyl protons in cation VIe, as 
compared to cation IIIe was tentatively attributed in this work to 
a steric interaction effect, involving the methyl group directly 
bound to the ionic carbon. This hypothesis could be checked by 
investigating the degree of deshielding of protons belonging to 
ethyl groups in meta and para position in parallel series of diphenyl-
methyl and l,l-diphenylethyl cations. If the space interactiqn 
hypothesis is correct, the anomalous deshielding should decrease 
(or disappear) in the meta-, and even more in the para-ethylphenyl-
phenylethyl cations. 
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